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ABSTRACT 
Corn kernel chemical and physical traits vary among corn hybrids and could influence 
growth and production performance in livestock. An experiment was performed to analyze 
the effects of feeding 6 different corn hybrids on the performance of broiler chickens, laying 
hens, and pigs. Diets were formulated to be slightly deficient in essential nutrients to increase 
the likelihood of detecting performance differences, and each hybrid was substituted equally 
into the diets to obtain 6 dietary treatments. Corn hybrid elicited performance differences, 
and individual kernel characteristics were significantly correlated with the performance 
differences. In the case of younger animals, physical traits elicited performance changes 
more frequently, while in older animals, chemical nutritive content of the kernels elicited 
performance changes more frequently. While the correlations with performance were 
significant, they were not sufficiently large enough to cause selection of corn grain for 
animal diets based on any one chemical or physical trait. 
 
  
 
1
CHAPTER 1: GENERAL INTRODUCTION 
In the United States, animal production and products compose 51% of the agricultural 
economy, and account for over $100 billion in product value (USDA, 2006, 2007b). Feed 
costs associated with animal production can comprise up to 60% of the overall cost of 
production, whether for meat or eggs (McBride and Key, 2003; USDA, 2007c). Thus, any 
dietary manipulation which can reduce feed costs could be associated with a large cost 
savings for not only producers, but also consumers, and the national and global economies. 
In the United States, one of the primary dietary energy sources for livestock is corn, 
because of its ready availability and relatively low cost. In swine and poultry diets, corn 
typically comprises 60 to 80% of the total diet (NRC, 1994, 1998), and about 56% of all corn 
grown in the United States is used in animal feed (USDA, 2006). In recent years, however, 
ethanol production in the United States has become a larger user of bulk corn grain, and now 
uses up to 18% of the total corn produced in the United States (Pimentel et al., 2007). 
Further, the competition for corn grain has recently driven the market price of corn to over 
$4 per bushel (USDA, 2007a), more than double the $2 per bushel price seen one year ago 
(Fatka, 2007). Simple mathematics suggest that a doubling of corn prices would result in a 
overall production cost for meat and/or eggs of up to 40 to 50% higher. The increased 
production costs may ultimately be borne by consumers, but could cause, at least in the short 
term, a variety of economic difficulties for many meat and egg producers. Corn growers and 
seed companies, on the other hand, are working towards an increase in corn yields to meet 
the demands of ethanol production and livestock feeding. This year, it is estimated that the 
number of acres used to plant corn in the United States will increase almost 15% to 85 
million acres (USDA, 2006; Fatka, 2007). Corn seed companies are experiencing demand for 
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corn that will yield the greatest number of bushels of corn per acre, along with other 
desirable agronomic traits such as disease or pest resistance (Perez-Prat and van Lookeren 
Campagne, 2002; Reynolds et al., 2005). Further, corn producers are able to sell commodity 
corn at a substantial profit, and thus are seeking to maximize yield.  
The selection of corn grain for animal diets has become more monetarily critical in 
light of the relatively high cost of corn. Maximizing meat and egg product yield while 
minimizing associated feed costs are the two primary goals of animal nutritionists. Different 
corn hybrids have different nutrient digestibility and metabolizable energy values in pigs and 
poultry, and increasing specific nutrient content, such as nonphytate P in corn grain, results 
in improved animal growth and production performance measures (Li et al., 2000; Spencer et 
al., 2000; Jang et al., 2003; Lampe et al., 2006).  
Nutritionists typically formulate livestock diets using reference table values for 
nutrient composition of ingredients (e.g., NRC, 1994, 1998). However, there are differences 
in the physical and chemical composition of corn kernels that are observed in corn grown 
across the United States (Goodson, 2007), and also in corn grown in the same county, a 
relatively small geographical area (Rippke, 2005). The differences seen in the chemical and 
physical traits could impact growth and production performance in livestock. Correlation of 
individual chemical or physical traits in the kernels of corn from a given corn hybrid with 
differences seen in growth and production performance would be critical knowledge for 
nutritionists as well as corn producers. The ability to select a hybrid for planting based on a 
specific trait or traits that would confer either performance improvements for livestock or 
increased ethanol yield would allow corn producers to place a premium on the corn they sell 
for specific purposes. This premium could allow selection of hybrids for planting based on 
 
3
factors other than yield. Thus, it becomes critical to determine the effects of individual corn 
kernel physical and chemical traits on performance measures in livestock production and to 
communicate those correlations to seed companies, corn producers, and livestock producers. 
 
THESIS ORGANIZATION 
This thesis is comprised of 4 chapters and 4 appendices: a general introduction, 2 
manuscripts of journal articles, a general conclusion, and appendices for correlations of 
performance measures with corn kernel traits for broiler chickens, laying hens, and pigs, and 
an appendix of corn kernel trait to corn kernel trait correlations. The journal article 
manuscripts consider the effects of chemical and physical corn kernel traits on growth and 
egg-production performance in broiler chickens and laying hens and growth performance in 
pigs, respectively, and are formatted in the style required for submission to Poultry Science 
and The Journal of Animal Science, respectively. 
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CHAPTER 2: THE EFFECTS OF CHEMICAL AND PHYSICAL 
CORN KERNEL TRAITS ON PRODUCTION PERFORMANCE 
IN BROILER CHICKENS AND LAYING HENS1 
 
A paper to be submitted to Poultry Science 
 
S. M. Moore,2 K. J. Stalder,3 D. C. Beitz,4 C.H. Stahl,5 W. A. Fithian,6 and K. Bregendahl7 
 
ABSTRACT 
An experiment was conducted to determine the influence of the chemical and 
physical traits of corn kernels from different hybrids on growth performance in broiler 
chickens and egg-production performance in laying hens. A total of 720 male 1-d-old Ross-
308 broiler chicks were allotted to floor pens in a randomized complete block design. Corn–
soybean meal basal diets were formulated for 3 growth phases to be marginally deficient in 
Lys, TSAA, Ca, and nonphytate P. Feed consumption and BW were recorded every 2 wk and 
flock uniformity was determined at 6 wk of age. A total of 240 52-wk-old Hy-Line W-36 
laying hens were allotted to cages in a randomized complete block design. A corn–soybean 
meal based basal diet was formulated to be marginally deficient in Lys and TSAA. Egg 
                                                          
1Presented, in part, at the 2006 Iowa Poultry Science Day, Ames, Iowa; 2006 Iowa Feed and Nutrition Seminar, 
Ames, Iowa; and 2006 Poultry Science Association Annual Meeting, Edmonton, Alberta. 
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3Associate Professor, Department of Animal Science, Iowa State University. 
4Distinguished Professor, Department of Animal Science, Iowa State University. 
5Assistant Professor, Department of Animal Science, Iowa State University. 
6Agronomy Systems Manager, Golden Harvest Seeds, Inc., Waterloo, Nebraska. 
7Assistant Professor and author for correspondence, Department of Animal Science, Iowa State University, 
kristjan@iastate.edu. 
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production was recorded daily and feed intake and egg weights were recorded weekly during 
the 14-wk-long study. A total of 6 commercially available corn hybrids were substituted 
equally by weight in all the diets to obtain the dietary treatments. Data were evaluated using 
ANOVA, and treatment means separated by Fisher's least significant difference. Physical and 
chemical composition of kernels were analyzed and correlated with performance measures 
by multivariate ANOVA. Corn hybrid affected broiler chicken growth performance during 
all growth phases (P < 0.05). From 0 to 2 wk of age, growth performance correlated with 
both kernel physical and chemical traits. From 4 to 6 wk of age, growth performance 
correlated with kernel chemical traits only. Corn hybrid affected egg-production by laying 
hens (P < 0.05). Egg-production correlated with both physical and chemical kernel traits. In 
both studies, the correlations of performance measures with individual kernel chemical and 
physical traits were significant, yet not large enough to base corn hybrid selection for feeding 
poultry on any one kernel trait. 
Key words: corn kernel traits, broiler, growth performance, laying hen, egg production 
 
INTRODUCTION 
In the United States, approximately 56% of all corn produced is used for animal feed 
(USDA, 2006). In Midwestern poultry and swine diets, corn is a major dietary component, 
supplying primarily energy, as well as protein and minerals, at a reasonable cost. There are a 
variety of corn hybrids available for planting that contain specific traits desired by corn 
producers, including drought, insect, or disease resistance (Perez-Prat and van Lookeren 
Campagne, 2002; Reynolds et al., 2005). There are also hybrids available that provide higher 
oil content in the kernels, higher proportions of specific amino acids, or different starch 
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characteristics (Whitt et al., 2002; Reynolds et al., 2005). Bulk corn grain regardless of 
hybrid or growth location is typically analyzed for moisture content, foreign particulates, and 
test weight, with little attention paid to physical or chemical traits beyond those because of 
the large grain volume requiring analysis by most elevators that would fail to capture added 
value (USDA, 2004). Yet, nutrient variability found in dietary ingredients fed to pigs resulted 
in changes in growth performance (Fairbairn et al., 1999; Stein et al., 2006). Further, 
increasing specific nutrient content, such as nonphytate P in corn grain, results in improved 
performance measures in broiler chickens (Li et al., 2000; Jang et al., 2003). The nutrient 
digestibility and ME values for poultry differs among corn varieties (Lu, 1999). In addition 
to variability in chemical composition, there are also physical differences among corn grain 
hybrids such as kernel density, hardness, and grinding resistance that could impact livestock 
performance. For example, kernel hardness traits are negatively correlated with feed 
conversion and ruminal propionate concentrations in cattle (Jaeger et al., 2006). However, 
little, if any, scientific literature exists that investigates the effects of chemical and physical 
kernel characteristics on growth or egg-production performance in poultry. The objective of 
this study was to determine the relationship between physical and chemical characteristics 
among several commercially available corn hybrids and the differences in growth and egg-
production performance measures in broiler chickens and laying hens, respectively. 
 
MATERIALS AND METHODS 
Corn Growth Conditions and Hybrid Kernel Traits 
The 6 corn hybrids used in this study were commercially available Golden Harvest 
hybrids (Golden Harvest Seeds, Inc., Waterloo, NE) representing hybrids with a wide range 
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of chemical and physical traits (Tables 1, 2, and 3). The 6 hybrids were planted on April 27, 
2004, in the same field in Webster County, IA, and harvested on November 22, 2004. All 
cultivation practices (including fertilization rates and chemical application) were identical 
among the 6 hybrids. Each hybrid was planted in 60 rows, with the middle 36 rows of each 
hybrid used in the study to minimize the use of cross-pollinated corn. After harvest, 
approximately 21 tons of each corn hybrid were transported individually to Ames, IA, dried, 
and stored in separate gravity-flow grain bins.  
Before chemical analyses, representative samples of each corn hybrid were ground 
through a 1-mm screen. The moisture content of each hybrid was determined by drying at 
135°C for 2 h (Table 1). Total N content was determined using the micro-Kjeldahl method 
on a Kjeltech 1028 distilling unit (U.S. Tecator, Inc., Herndon, PA), and the CP content was 
calculated as Kjeldahl N × 6.25. Individual amino acid content for each hybrid was 
determined by ion exchange chromatography (Experiment Station Chemical Laboratories, 
University of Missouri, Columbia, MO). The lipid content was determined as ether extract 
using a Goldfisch lipid extraction apparatus (Laboratory Construction Co., Kansas City, 
MO). Corn kernel fatty acid composition was determined after chloroform–methanol 
extraction on methyl esterified fatty acids using a gas chromatograph (Varian model 3350 
gas chromatograph, Varian Inc., Palo Alto, CA). Neutral detergent fiber (NDF) and acid 
detergent fiber (ADF) contents were determined using an Ankom fiber digestion apparatus 
(Ankom 200 fiber digester, Ankom Technology, Macedon, NY). Proportions of amylose and 
amylopectin present in starch isolated from each hybrid were determined by selective 
amylopectin precipitation and colorimetric glucose determination. Briefly, amylose and total 
starch samples were prepared from each corn hybrid according to the manufacturer’s 
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instructions in a commercial kit (K-AMYL, Megazyme International Ireland, Inc., Bray, 
Ireland). Amylose and total starch samples were hydrolyzed enzymatically to glucose 
monomers with either β-amylase, which digests only amylose, or a combination of β-amylase 
and amyloglucosidase, which digest both amylose and amylopectin present in the starch. The 
resultant samples of glucose monomers from either amylose alone or total starch were 
analyzed for glucose content according to the manufacturer’s instructions in a commercial 
glucose assay kit (GAGO20-1KT, Sigma Aldrich Inc., St. Louis, MO), with the exception of 
reaction volumes, which were decreased to 1/5 of the protocol reaction volumes to facilitate 
the use of a microplate spectrophotometer (Powerwave HT, BioTek Instruments, Inc., 
Winooski, VT). The percentage of amylose in the starch was calculated from the ratio of 
glucose in the amylose sample and in the total starch sample; the amylopectin content was 
calculated as the difference between the total starch and amylose contents.  
A representative sample of kernels from each corn hybrid was aspirated to remove 
foreign matter and broken kernel particles using an aspirator (Kice 6DT4, Kice Industries, 
Inc., Wichita, KS). Aspirated samples were stored in closed containers at –20°C until 
analyses of physical traits. The test weight of each hybrid was determined in triplicate using 
a test weight apparatus and computer grain scale (Seedburo model 8800, Seedburo 
Equipment, Chicago, IL). The 1000-kernel weight was measured by counting 200 kernels in 
a magnetic parts feeder (Syntron, EB-00, FMC Corporation, Philadelphia, PA) equipped with 
a seed counter (Seedburo Equipment, Chicago, IL), then multiplying the weight of the 200 
kernels by 5. The kernel density was determined in triplicate using a pycnometer 
(Micrometrics AccuPyc 1330, Micrometrics, Norcross, GA). The Stenvert hardness (i.e., 
Stenvert grinding time, Stenvert grinding resistance, hammer mill speed at maximal grinding 
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power, and the percentage of hard and soft endosperm) was determined at the University of 
Nebraska (Lincoln, NE) in a Stenvert grinding apparatus (Micro Hammer Mill V, Glen Mills 
Inc., Maywood, NJ) equipped with a 2-mm screen at 360 rpm (Pomeranz, 1985). The particle 
size of representative samples of the ground corn used in the diets was determined with 
National Institutes of Standards and Technology approved USA Standard testing sieves at 
Kansas State University (Manhattan, KS) according to Baker and Hermann (2002). 
 
Experimental Diets 
In the broiler chicken experiment, a single diet was formulated for each of the starter  
(0 to 2 wk of age), grower (2 to 4 wk of age), and finisher (4 to 6 wk of age) phases using 
NRC (1994) published nutrient values for all ingredients (including corn). Within each 
phase, the diet was formulated to contain amounts of Lys, TSAA, Ca, nonphytate P, and Na 
10% to 15% less than that recommended by NRC (1994) to improve the likelihood of 
detecting a response to the differing traits among the corn hybrids. Similarly, for laying hens, 
a single diet was formulated to include concentrations of Lys and TSAA 10% to 15% less 
than that recommended by NRC (1994). In the laying hen experiment, the performance 
measure endpoints were almost entirely egg related, and because corn contributes relatively 
little Ca and nonphytate P to a laying-hen diet, it was expected that no detectable differences 
in eggshell formation would result from the differences in Ca and P contents among the 6 
corn hybrids (Boling et al., 2000; Douglas et al., 2000; Jang et al., 2003). Thus, to prevent 
potential loss of data from broken or soft-shelled eggs stemming from a Ca and P deficient 
diet, the laying-hen diet was formulated to contain 100% or greater of the NRC (1994) 
recommended contents of Ca and nonphytate P. Immediately prior to mixing of the dietary 
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treatments, all corn was ground in a hammer mill equipped with a 7.94 mm (20/64 in). The 
dietary treatments were created by including each of the 6 different corn hybrids to the 
formulated diet on an equal weight basis (Table 4)—thus, the only difference among the 
experimental diets was the corn hybrid used. All diets were fed in mash form for both the 
broiler chicken and laying hen experiments. 
 
Animals and Data Collection 
All procedures relating to the use of live animals were approved by the Iowa State 
University Institutional Animal Care and Use Committee. 
Broiler Chickens. A total of 720 1-d-old Ross × Ross 308 male broiler chicks (Welp 
Hatchery, Bancroft, IA) were allotted to floor pens (10 chicks per pen, 1486 cm2/chick) in a 
randomized complete block design. The location within the barn served as the blocking 
criterion, and pen was the experimental unit. The experiment was carried out in 2 identical 6-
wk periods, with 360 chicks per period and 1 wk between the 2 periods. The chicks in the 
first period were provided with fresh pine shaving bedding, which was reused in the second 
period. The chickens were allowed free access to feed and water throughout the experiment. 
Broilers were provided 23:1 L:D for 0 to 7 d of age, 20:4 L:D for 8 to 28 d of age, and 23:1 
L:D thereafter.  
Pen BW were recorded at 0, 2, and 4 wk of age, whereas individual BW were recorded at 
6 wk of age. Feed consumption, measured as feed disappearance, was recorded at 2, 4, and 6 
wk of age. Feed utilization was calculated as grams of BW gained per kilogram of feed 
consumed. Flock uniformity was determined at 6 wk of age as the BW CV in each pen. 
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Laying Hens. A total of 240 52-wk-old Hy-Line W-36 laying hens, obtained from a 
commercial facility, were allotted to wire-bottomed cages (Chore-Time, Inc., Milford, IN) in 
a randomized complete block design (2 hens/cage, 619 cm2/hen). The location within the 
barn served as a blocking criterion, and cage was the experimental unit. After transport, the 
hens were allowed a 1-wk acclimatization period, after which data were collected from 53 to 
67 wk of age. During the acclimatization period, hens were fed a common diet (19.8% CP, 
0.92% Lys, 2900 kcal/kg MEn) formulated to meet or exceed the nutrient contents 
recommended by the NRC (1994). The hens were allowed free access to feed and water 
throughout the experiment and were supplied 18:6 L:D during the entire experiment.  
Egg production was recorded daily during the 14-wk-long experiment. Weights from all 
eggs collected in a 24-h period were recorded weekly, and egg mass was calculated as egg 
weight × egg production. Feed consumption, measured as feed disappearance, was recorded 
weekly, and feed utilization was calculated as grams of egg mass produced per kilogram of 
feed consumed. Egg specific gravity, a measure of eggshell thickness, was determined during 
Week 14 of the experiment (i.e., birds at 67 wk of age) by placing eggs sequentially in 13 
saline solutions of 1.058 to 1.082 g/cm3 (with 0.002 g/cm3 increments between solutions) 
until the egg floated at the surface for 5 s or longer. The density of the solution in which the 
egg floated was recorded as the egg’s specific gravity. During Week 14 of the experiment 
(i.e., birds at 67 wk of age), eggs from a 24-h period were collected and whole yolks isolated 
from the egg contents and stored under N. The fatty acid profile of isolated egg yolks was 
determined by gas chromatography as previously described for the corn analysis portion of 
this study. The BW of the hens were recorded at the start and end of the experiment. 
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Statistical Analyses 
To determine the main effects of corn hybrids on performance measures, data were 
subjected to ANOVA analysis using PROC GLM procedure of SAS 9.1 (SAS Institute, Cary, 
NC). Fixed effects in the broiler chicken model included hybrid, period, block, block within 
period, hybrid–period interaction. Pen within hybrid was included as a random effect in the 
model. Similarly, the fixed effects used in the model to evaluate the laying hen data included 
hybrid and block. Again, cage within hybrid was used as a random effect in the model for 
evaluation of the laying hen data. Initial BW was included in the laying hen model as a linear 
covariate to remove variation because of differences present in initial bird BW among the 
dietary treatments. When the main effect of hybrid was significant, means were separated 
using Fisher’s protected least significant difference (Snedecor and Cochran, 1980). To 
determine the principal component effects of all analyzed corn kernel traits on observed 
differences for all performance measures, the multivariate ANOVA (MANOVA) procedure 
within the GLM procedure of SAS 9.1 was utilized (Bray and Maxwell, 1982). Factors in the 
broiler chicken MANOVA model were period, block within period, and pen within hybrid as 
a random variable. The factors in the laying hen MANOVA model were block, cage within 
hybrid as a random variable, and initial BW as a linear covariate (the latter because of 
significant differences in initial BW among dietary treatments). In all comparisons, P ≤ 0.05 
was considered significant.  
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RESULTS AND DISCUSSION 
Corn Kernel Traits 
Differences existed in both chemical and physical kernel traits among corn hybrids 
(Tables 1, 2, and 3). These differences were attributed to genotypic differences among the 
hybrids tested, because the corn was grown in the same field under the same growing 
conditions. Moreover, within corn hybrids, the chemical and physical traits are relatively 
consistent compared with the variation among different hybrids (Reynolds et al., 2005). The 
physical traits of the 6 corn hybrids tested in this study were representative of values for test 
weight, lipid content, CP and kernel density when compared with the reported means of test 
weight (0.740 kg/L or 57.5 lb/bu), lipid content (3.6%), CP (7.3%), and kernel density (1.26 
g/cm3) for corn grown in Webster County, IA, in 2004 (Rippke, 2005). 
Corn is typically sold as a commodity and is valued by bulk density, moisture content, 
and foreign particulates. Test weight, the most common bulk density measure used in the 
United States, is a measure of the weight of grain per bushel, while 1000-kernel weight is an 
indicator of the size and packing ability of the kernels, but neither measures individual kernel 
density directly. Because there can be positive or negative correlations between test weight, 
1000-kernel weight, and kernel density (Thompson and Goodman, 2006), absolute kernel 
density was measured directly. In this study, test weight and kernel density were positively 
correlated with each other (P < 0.01, r = 0.61). 
There are 2 types of starch present in corn kernels: amylose, a linear chain of glucose 
molecules, and amylopectin, a branched chain of glucose molecules. The proportion of each 
starch type in corn kernels can influence the physical characteristics of the kernels, as well as 
the digestibility of the starch and other nutrients (Hibberd et al., 1982). Corn endosperm 
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hardness, also referred to as vitreousness, has been reported to be positively correlated with 
amylopectin content in the endosperm and is measured by evaluating absolute (not bulk) 
density of the kernels, evaluating Stenvert hardness, or physically dissecting the kernels 
(Correa et al., 2002). Because the branched structure of amylopectin allows more sites for 
enzymatic attachment and hydrolysis, the digestibility and ME content of the starch increases 
with increasing amylopectin content (Lu, 1999; Batal and Parsons, 2004). Thus, corn 
containing a relatively higher proportion of amylopectin should be relatively harder and have 
a higher ME content (Lu, 1999), and growth and egg-production performance measures 
could improve when compared with corn containing less amylopectin. While bulk grain 
density can be used as a measure of vitreousness (Li et al., 1996), in this study, the 
amylopectin content, absolute density, and Stenvert hardness measures of each corn hybrid 
were measured to obtain accurate assessments of the hardness and starch type present in the 
kernels. Stenvert hardness measures were grouped to indicate a general hardness or 
vitreousness of the corn kernels; a higher Stenvert percentage of hard endosperm, higher 
grinding resistance, and longer time to grind were all indicative of a harder kernel (Li et al., 
1996). In the present study, for example, Stenvert hardness was positively correlated with 
Stenvert time to grind (P < 0.05, r = 0.76); thus, for practical purposes, hardness in this 
discussion will refer to the collective Stenvert measures, rather than any one Stenvert 
measure. 
 
Kernel Trait and Broiler Chicken Growth Performance Correlations 
 In a study analyzing the effect of kernel characteristics on performance measures of 
beef cattle, kernel hardness was negatively correlated with feed utilization and ruminal 
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propionate concentration (Jaeger et al., 2006). The conclusions of the study by Jaeger et al. 
(2006) were that ruminants fed corn kernels with a relatively high 1000-kernel weight (i.e., 
relatively larger kernels) and relatively softer kernels resulted in improved feed efficiency. 
Further, Stenvert time to grind was negatively correlated with ruminal propionate 
concentration (Jaeger et al., 2006). In the present broiler chicken experiment, opposite effects 
were observed. During the starter phase of the broiler chickens, corn hybrid influenced 
average daily BW gain (ADG), feed consumption, feed utilization, and BW at 2 wk of age 
(Table 5). When principal component analysis was performed, Stenvert grinding time of the 
corn kernels was positively correlated with feed utilization, and explained 10% of the 
variation seen in feed utilization (P = 0.01, r = 0.31). The kernel test weight was positively 
correlated with feed consumption (P < 0.05, r = 0.26), and explained 7% of the observed 
difference in feed consumption (Table 6). No other corn kernel physical traits correlated 
significantly with growth performance. There is evidence that the type of starch present in 
the diet has an impact on feed consumption, energy availability, and utilization of other 
dietary nutrients (Moran, 1982; Weurding et al., 2001a, b). The increased Stenvert grinding 
time of the kernels is one measure indicating an increased vitreousness and thus relatively 
higher proportion of amylopectin in the corn. The higher amylopectin content in the 
cornstarch may have resulted in relatively higher ME because of the branched structure of 
amylopectin, and thus more energy for growth from an equal amount of corn consumed (Lu, 
1999). The resultant improved broiler growth, even though not statistically correlated with 
the hardness of the corn, resulted in an improved feed utilization. There were no other 
significant correlations observed between corn kernel physical traits and feed consumption, 
ADG, or feed utilization of the broilers in the present study. Test weight does not directly 
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measure the starch type present in the kernels or the energy availability of the ground corn, 
so the amylopectin content in relation to the test weight might have been a factor in the 
observed feed consumption differences. However, the amylopectin content of the corn was 
analyzed and was negatively correlated with the test weight (P = 0.05, r = –0.20). Because 
ME is more related to the proportion of amylopectin in the starch than the test weight, and 
because the animals will consume feed to meet energy needs (Hill and Dansky, 1954), the 
reasons for the positive correlation observed between test weight and feed consumption are 
unclear. Further, because the correlation between kernel test weight and feed consumption 
was relatively weak (P < 0.05, r = 0.26), the interaction of many principal components likely 
influenced feed consumption to a larger degree than did test weight alone. 
The effects of physical corn kernel traits on growth performance measures may be 
explained by the processing of the corn grain. In the study by Jaeger et al. (2006), beef cattle 
were fed a diet containing dry rolled corn, whereas the corn in the present broiler chicken 
study was ground in a hammer mill. Dry rolled corn has a larger particle size than corn 
ground through a hammer mill screen (Wu and Bergquist, 1991; Jaeger et al., 2006; Parsons 
et al., 2006). Corn processing can mitigate the effects of starch type and content on 
performance in beef cattle. Specifically, flaking or grinding negated the feed efficiency 
improvements observed when diets were formulated with dry rolled corn containing 
proportionally more amylose than amylopectin (Zinn et al., 2002; Corona et al., 2006). The 
particle size of the ground corn used in this study was within a range (300 to 1173 µm) that 
provided most efficient broiler growth performance (Kilburn and Edwards, 2001), and also 
was not correlated with any growth performance changes because of particle size changes in 
the present study. Further, because starch digestion in poultry depends on the type of starch 
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and physical properties of starch present (Moran, 1982; Weurding et al., 2001b), the broiler 
chickens could be using starch more efficiently when compared to the results from a similar 
beef cattle experiment (Jaeger et al., 2006). Corn containing a larger proportion of 
amylopectin in its starch would be more vitreous, or harder, and thus require a longer time to 
grind, but also provide smaller particles. Therefore, corn that is more vitreous could 
contribute to improved feed utilization in young broiler chickens, and can partly explain at 
least some of the differences in results between this study and those reported by Jaeger et al. 
(2006). 
It was expected that differences in the chemical traits of the corn would affect growth 
performance because the diets were formulated to contain essential amino acid contents that 
were slightly lower than those recommended by NRC (1994). A dietary treatment containing 
corn with a relatively higher Lys content would thus have a relatively smaller Lys deficiency 
than other dietary treatments, resulting in improved growth performance compared with 
broilers consuming the other corn (Hickling et al., 1990; Acar et al., 1991). In the broiler 
chicken starter phase, the Lys and Met contents of the corn kernels unexpectedly did not 
affect ADG of the broilers, but correlated positively with feed consumption (P < 0.05,  
r = 0.28, and P < 0.05, r = 0.28, respectively), and therefore, negatively with starter phase 
feed utilization (P < 0.01, r = –0.42, and P < 0.01, r = –0.33, respectively). In contrast, the 
Lys content of the corn kernels was positively correlated with feed utilization in the Finisher 
Phase (P < 0.05, r = 0.28). Because the growth performance of the broilers did not respond as 
expected to the dietary amino acid contents in the starter phase, perhaps the energy 
availability resulting from the vitreousness or amylopectin content of the corn kernels may 
have played a greater role in the feed consumption and feed utilization of the starter phase 
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broilers. Further, because the correlations between amino acid contents and feed 
consumption and feed utilization were weak, the influence of other principal components 
may have influenced feed consumption to a greater degree than did amino acid content alone. 
The correlations between amino acid content and feed consumption during the starter phase 
were consistent with studies that found a decreased feed consumption of diets with amino 
acid contents below those required for optimal growth and feed efficiency (Mack et al., 1999; 
Baker et al., 2002; Eits et al., 2005). Eits et al. (2005) postulated that energy content and 
protein contents in unbalanced diets would interact to decrease feed consumption by a yet 
unknown mechanism. However, because the Lys and Met contents contributed 8% each to 
the variation seen in feed consumption and 17% and 11%, respectively, to the variation seen 
in feed utilization of starter phase broilers, it is unclear how energy availability—because of 
vitreousness of the corn as proposed earlier—could drive feed consumption and feed 
utilization to a greater degree than specific amino acid content. Because the correlations of 
Met and Lys with feed consumption and feed utilization reversed with age in this study, 
physical characteristics may be considered when formulating diets for younger birds with 
relatively more immature digestive tracts. In finisher-phase broiler chickens and in the 
overall experiment from 0 to 6 wk of age, amino acid content was positively correlated with 
feed utilization, which is in agreement with previous studies (Acar et al., 1991; Baker et al., 
2002; Dean et al., 2006). Because the major proportion of BW gain and feed consumption 
occurred during the Finisher Phase, overall growth performance correlations are similar for 
the Finisher Phase and the entire experiment.  
Fiber is a complex dietary component that may have prevented the chickens from 
completely digesting starch, because fiber can encapsulate the starch, thus limiting the ability 
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of digestive enzymes to access and break down the starch (Sklan et al., 2003; Gilani et al., 
2005). Further, some types of fiber, when exposed to water in the digestive tract, increase 
viscosity of the digesta, in turn impeding mixing and the contact among the feed 
components, digestive enzymes, and the intestinal wall from which nutrients are absorbed 
(Fontaine et al., 2003). Indeed, the ADF content in the corn kernels was negatively correlated 
with feed utilization during the starter phase (P = 0.05, r = –0.05), indicating a lower 
digestibility of nutrients. Furthermore, the ADF content of the corn kernels correlated 
negatively with Stenvert hardness (P < 0.01, r = –0.38), which could have been indicative of 
a lower starch content, and thus resulted in a lower feed utilization ratio. 
The lipid content in the corn was positively correlated with feed consumption during 
the Finisher Phase (r = 0.29) and the entire experiment (r = 0.27) in broilers. Lipid content 
also was negatively correlated with feed utilization during the Finisher Phase (r = –0.27) and 
the overall phases (r = –0.25) in broilers. The lower feed utilization in broiler chickens fed 
diets containing relatively more lipids is contrary to the improved feed utilization observed in 
broilers fed supplemental fat (Latour et al., 1994; Lu, 1999). Because chickens which 
consumed diets with higher lipid contents consumed more feed, energy availability from 
lipids in the corn was not the only factor that determined feed consumption. Starch type 
present in the corn or the influence of fiber encapsulation as described earlier in this study 
could be affecting energy utilized by the broilers, and, in fact, there is a negative correlation 
between lipid content in the corn kernels and percentage of amylopectin present in the 
cornstarch (P < 0.01, r = –0.30). Even though the amylopectin content present in the corn 
kernel starch was not correlated with any growth performance measures, indirect measures of 
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vitreousness (i.e., test weight and Stenvert grinding time) did provide evidence of the 
proportion of amylopectin present in the starch influencing growth performance. 
 It seems that, in younger broiler chickens, physical characteristics of the corn and 
their contribution to nutrient digestibility play a larger role than does nutrient content of the 
corn kernels on the effects of diet on growth performance measures. However, in older birds, 
with a more mature digestive system, the nutrient content of the corn plays a larger role than 
its physical characteristics. 
 
Kernel Trait and Laying Hen Egg-Production Performance Correlations 
In laying hens, corn hybrid affected feed consumption, egg production, egg mass, feed 
utilization, and egg specific gravity (Table 7). The egg production was correlated 
significantly with the corn test weight (r = 0.22), 1000-kernel weight (r = –0.21 to –0.34), 
and Stenvert hardness (r = 0.20 to 0.33) for various endpoints (Table 8). Because the laying 
hens had a more mature digestive tract than did the starter phase broiler chickens in the 
present study, nutrient digestibility should have been relatively higher than that observed in 
the starter phase broilers (Iji et al., 2001; Batal and Parsons, 2002). Corn kernel density, 
because of its positive correlation with ground corn particle size (P < 0.01, r = 0.72), 
contributed to changes in performance measures likely because of the grinding 
characteristics of the corn. Even though all corn was ground through the same hammer mill 
screen, denser kernels resulted in a larger particle size and also possibly contained more 
amylopectin than amylose and thus more digestible energy. Relatively higher amylopectin 
content in the cornstarch could have resulted in relatively more energy for use in egg 
production from the same feed consumption. Larger feed particles would decrease growth 
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and egg-production performance (Nir et al., 1994; Kilburn and Edwards, 2001). However, 
ground corn particle size correlated with only feed utilization in laying hens likely because 
the particle sizes of the ground corn used in this study were within or near a range (700 to 
900 µm) considered optimum for laying hen egg-production performance (Leeson and 
Summers, 2005). 
In the laying-hen experiment, the NDF content of the corn kernels was negatively 
correlated with feed consumption (P < 0.05, r = –0.21), and the ADF content of the corn 
kernels was negatively correlated with egg production (P < 0.05, r = –0.25), egg mass  
(P < 0.05, r = –0.21), and egg specific gravity (P = 0.01, r = –0.29). Relatively higher fiber 
content in the corn kernels would result in a less energy dense diet and therefore a relatively 
higher feed consumption. Thus, fiber content should have been a predictor of feed 
consumption. However, the NDF content of the corn was not the major contributing factor to 
feed consumption, because of the observed negative correlation. No other principal 
components showed significant effects on feed consumption, which is likely because feed 
consumption variation was small (only approximately 4 g per day among the hybrids). The 
negative correlation between ADF content of the corn and egg production performance was 
expected and was attributed to the nutrient density of the diet. Fiber will dilute the energy 
and nutrients in a diet, and, further, higher fiber content in the diet could interfere with 
digestion as previously discussed in the broiler experiment.  
The fatty acid profile of each corn hybrid was evaluated, with differences among corn 
hybrids of up to 7% detected for individual fatty acids (Table 3). Manipulation of linoleic 
and linolenic acids and omega-3 fatty acid content of the diet affects the fatty acid 
composition of egg yolks (Leeson et al., 1998; Blank et al., 2002). Fatty acid composition of 
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the egg yolks were compared with the fatty acid composition of the corn kernels in the 
current experiment. Comparisons were made between individual fatty acids, omega-3 fatty 
acids, omega-6 fatty acids, and the ratio of linolenic acid to linoleic acid in the egg yolks and 
the corn kernels. There were no significant correlations observed between egg-yolk fatty acid 
content and corn-kernel fatty acid content by principal component analysis. Because of the 
addition of 3% soybean crude oil to the diets and the small variation of total lipids seen in 
corn kernels, the differences in the fatty acid composition of the corn kernels are sufficiently 
small that their influence on egg yolk lipid content might not have been detectable in the 
current study.  
 In laying hens, physical characteristics of the corn and their contribution to nutrient 
digestibility contribute significantly to egg-production performance. However, when the 
correlations of test weight and Stenvert hardness measures with egg-production performance 
are analyzed, their contribution to egg-production performance measures is similar to 
contributions from chemical traits of the corn hybrids. Thus, physical characteristics such as 
Stenvert hardness or kernel density that are readily measurable can be an added evaluation of 
possible egg-production performance when selecting corn hybrids to produce corn grain for 
inclusion into laying hen diets, particularly by producers who grow their own corn. 
 
IMPLICATIONS 
In both experiments, correlations between corn kernel traits from different corn hybrids 
and performance measures were detected. However, the contribution of any one physical or 
chemical trait was limited in its influence on performance, and, frequently, the performance 
effects would not be large enough for a producer to influence decisions to include a 
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particular hybrid in poultry diets based on any single kernel trait. The complex interactions 
of many individual kernel traits combine to elicit growth and egg-production performance 
changes, and determining which has a larger contribution to the variations is difficult without 
looking at the contribution of every principal component in concert, especially when traits 
have competing effects. Further, only limited relevance could be assigned to any correlation 
between principal components and performance measures when they are relatively weak. In 
essence, corn producers and poultry producers should not base decisions to grow or include a 
specific corn hybrid in diets based on any one physical or chemical trait. However, it may be 
practical to select corn based on a combination of traits which will elicit improved 
performance. As an example, laying-hen egg-production is positively correlated with kernel 
test weight (r = 0.22), Stenvert hardness (r = 0.22), and Stenvert grinding time (r = 0.21). 
However, egg-production is negatively correlated with 1000-kernel weight (r = –0.25) and 
ADF content (r = –0.25). Adding the contributions of the kernel traits together suggests that 
selecting a harder corn with a relatively higher test weight can account for up to 12% of the 
possible increase seen in egg-production (Table 8), while selecting a relatively lower 1000-
kernel weight hybrid containing a relatively lower content of ADF can account for a further 
12% of the increase seen in egg production. However, at most, with these hybrids, selecting 
for those 4 traits (i.e., relatively harder, higher test weight, lower 1000-kernel weight, and 
lower ADF content) may only account for up to 24% of the differences in egg production, 
not a 24% absolute difference, an important distinction. The small performance gains 
resulting from selecting specific hybrids for dietary inclusion might be mitigated by the 
practical costs associated with maintaining corn grain identity. Thus, it is still prudent to 
purchase and sell corn on the basis of test weight, moisture content, and foreign particulate as 
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normal. However, we do not mean to imply that poultry producers should not formulate diets 
taking into consideration the nutrient content of the corn (e.g., digestible Lys, ME) and 
meeting the dietary needs of the animals through proper dietary formulation. Because poultry 
nutritionists can analyze and balance diets effectively based on current analytical techniques, 
corn producers should be more concerned with yield and other desirable agronomic traits 
rather than any one physical or chemical trait resulting from a given corn hybrid. 
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Table 4. Broiler chicken and laying hen diet formulations and calculated compositions (as-is basis) used in the 
evaluation of corn hybrids that differed in chemical and physical traits1 
Item   Broiler chicken  Laying hen 
 Starter Grower Finisher 
 (0 to 2 wk of age) (2 to 4 wk of age) (4 to 6 wk of age)  
Ingredient ----------------------------------------------------- % -------------------------------------------- 
Corn 58.58 63.05 69.37 69.10 
Soybean meal (48% CP) 30.70 27.49 22.76 16.00 
Soybean crude oil 6.60 5.65 4.40 2.26 
DL-Methionine 0.13 0.10 0.05 0.16 
Dicalcium phosphate 1.37 1.25 1.11 1.24 
Calcium carbonate2 1.50 1.34 1.19 10.28 
Salt, iodized 0.40 0.40 0.40 0.36 
Vitamin premix3 0.30 0.30 0.30 0.30 
Tracemineral premix4 0.30 0.30 0.30 0.30 
BMD 605 0.04 0.04 0.04 – 
Coban 606 0.08 0.08 0.08 – 
Total 100.00 100.00 100.00 100.00 
 
Calculated composition 
CP 19.56 18.44 16.71 13.47 
MEn (kcal/kg) 3,200 3,200 3,200 2,871 
Ether extract 9.0 8.2 7.2 5.0 
Neutral detergent fiber 8.4 8.5 8.7 8.1 
Acid detergent fiber 3.3 3.3 3.2 2.8 
Ca 0.90 0.81 0.72 4.20 
Nonphytate P 0.39 0.36 0.32 0.33 
K 0.79 0.74 0.67 0.54 
Na 0.17 0.17 0.17 0.16 
Cl 0.28 0.28 0.28 0.25 
dEB7 (mEq/kg) 199 186 167 136 
Lys 1.06 0.98 0.85 0.65 
Met 0.44 0.40 0.33 0.37 
Met + Cys 0.77 0.71 0.62 0.49 
Thr 0.74 0.70 0.63 0.50 
Trp 0.27 0.25 0.22 0.17 
1Each of the 6 corn hybrids was substituted for corn on an equal weight basis to make the 6 dietary treatments.  
2Calcium carbonate for laying hen diets was supplied as a 50:50 mix of fine (0.14 mm average diameter) and 
coarse (2.27 mm average diameter) particles. Calcium carbonate for broiler chicken diets was supplied as all 
fine (0.14 mm average diameter) particles.  
3Supplied per kilogram of diet: Vitamin A (retinyl acetate), 8065 IU; vitamin E (DL-α-tocopheryl acetate), 15 
IU; vitamin D3 (cholecalciferol), 1580 IU; vitamin K (menadione sodium bisulfite), 4 mg; riboflavin, 7.8 mg; 
vitamin B6, 6 mg; vitamin B12, 16 μg; folic acid, 1.62 mg; biotin, 270 μg; niacin, 75 mg; pantothenic acid, 12.8 
mg; choline, 509 mg. 
4Supplied per kilogram of diet: selenium (sodium selenite), 0.147 mg; manganese (manganese sulfate), 80 mg; 
zinc (zinc oxide), 90 mg; iron (ferrous sulfate), 60 mg; copper (cupric sulfate), 12 mg; iodine, 1 mg.  
5Supplied per 907 kg of diet: 50 g bacitracin methylene disalicylate. 
6Supplied per 907 kg of diet: 90 g monensin. 
7Dietary electrolyte balance, calculated as Na+ + K+ – Cl–.  
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Table 6. Correlations between differences in traits of corn kernels from different hybrids present in dietary 
treatments and broiler chicken growth performance measures during 3 broiler growth phases and the overall 6 
wk experiment1  
Corn trait Response P-value Correlation  Proportion of  
    coefficient (r)  variation 
     explained  
    by trait (r2)  
Test weight Feed consumption 0 to 2 wk of age 0.044 0.260 0.068 
      
Stenvert grinding time Feed utilization 0 to 2 wk of age 0.014 0.314 0.099 
     
Lys Feed consumption 0 to 2 wk of age 0.029 0.279 0.078 
 Feed utilization 0 to 2 wk of age 0.001  –0.416 0.173 
 Feed utilization 4 to 6 wk of age 0.027 0.283 0.080 
     
Met Feed consumption 0 to 2 wk of age 0.027 0.283 0.080 
 Feed utilization 0 to 2 wk of age 0.009 –0.330 0.109 
     
Ether extract Feed consumption 4 to 6 wk of age 0.022 0.294 0.086 
 Feed consumption 0 to 6 wk of age 0.037 0.268 0.072 
 Feed utilization 4 to 6 wk of age 0.038 –0.266 0.071 
 Feed utilization 0 to 6 wk of age 0.051 –0.252 0.064 
 
Acid detergent fiber Feed utilization 0 to 2 wk of age 0.048 –0.254 0.065 
1Only traits that correlated significantly (P < 0.05) in MANOVA analysis with production parameters are 
shown. 
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Table 8. Correlations between differences in traits of corn kernels from different hybrids present in dietary 
treatments and laying-hen egg-production performance measures 53 to 67 wk of age1 
Corn trait Response P-value Correlation  Proportion of  
   coefficient (r)  variation  
     explained  
    by trait (r2)  
Test weight Egg production 0.033 0.224 0.050 
      
1000-kernel weight Egg production 0.019 –0.245 0.060 
 Egg mass 0.047 –0.209 0.044 
 Feed utilization 0.014 –0.256 0.066 
 Egg specific gravity 0.001 –0.339 0.115 
     
Stenvert hardness Egg production 0.014 –0.257 0.066 
(% soft endosperm) Feed utilization 0.012 0.263 0.069 
      
Stenvert hardness Egg production 0.039 0.217 0.047 
(% hard endosperm) Egg mass 0.054 0.203 0.041 
 Egg specific gravity  0.002 0.326 0.106 
     
Stenvert grinding time Egg production 0.049 0.207 0.043 
 Egg specific gravity 0.047 0.208 0.043 
    
Ground corn particle size Feed utilization 0.042 0.214 0.046 
     
Acid detergent fiber Egg production 0.019 –0.245 0.060 
 Egg mass 0.047 –0.209 0.044 
 Egg specific gravity 0.006 –0.289 0.084 
     
Neutral detergent fiber Feed consumption 0.049 –0.207 0.043 
     
Amylose content Egg specific gravity 0.003 –0.310 0.096 
     
Amylose to amylopectin ratio Egg specific gravity 0.002 –0.317 0.100 
1Only traits that correlated significantly (P < 0.05) in MANOVA analysis with production parameters are 
shown. 
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CHAPTER 3: THE EFFECTS OF CHEMICAL AND PHYSICAL 
CORN KERNEL TRAITS ON PRODUCTION PERFORMANCE 
AND CARCASS QUALITY IN PIGS1 
 
A paper to be submitted to The Journal of Animal Science 
 
S. M. Moore,2 K. J. Stalder,3 D. C. Beitz,4 C.H. Stahl,5 W. A. Fithian,6 and K. Bregendahl7 
 
ABSTRACT 
Corn kernel composition may affect dietary nutritive value, and, when consumed, pig growth 
performance. An experiment was conducted to determine the influence of the chemical and 
physical traits of corn kernels from different hybrids on the growth performance and carcass 
characteristics of pigs. A total of 288 pigs (initial BW 21.4 ± 3.1 kg) were grown in a 3-phase 
program until market weight (113.4 ± 3.2 kg) and harvested. For each phase, diets were 
formulated to be marginally deficient in Lys, TSAA, Ca, and nonphytate P, and a total of 6 
commercially available corn hybrids were substituted equally by weight in all the diets in this 
study to obtain the dietary treatments. Dietary treatments were assigned to pens according to 
a randomized complete block design. Kernels harvested from each hybrid were analyzed for 
                                                          
1Presented, in part, at the 2006 Iowa Feed and Nutrition Seminar, Ames, Iowa; 2006. 
2Graduate student and primary author, Department of Animal Science, Iowa State University. 
3Associate Professor, Department of Animal Science, Iowa State University. 
4Distinguished Professor, Department of Animal Science, Iowa State University. 
5Assistant Professor, Department of Animal Science, Iowa State University. 
6Agronomy Systems Manager, Golden Harvest Seeds, Inc., Waterloo, Nebraska. 
7Assistant Professor and author for correspondence, Department of Animal Science, Iowa State University, 
kristjan@iastate.edu. 
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physical and chemical characteristics. Growth performance and carcass data were collected 
and evaluated by ANOVA. Corn hybrid had no effect on any carcass quality measurements  
(P > 0.05). Corn hybrid present in the diet influenced pig BW at the end of the Grower-1 
Phase, final pig BW and ADG during the Grower-2 Phase, and ADG during the Finisher 
Phase (All P < 0.05). Finisher Phase ADG and number of days to market were influenced by 
corn hybrid fed (P < 0.01) and correlated with NDF content of the corn kernels (P < 0.05,  
r = –0.30 and r = 0.31 respectively). Efficiency of lean growth was affected by corn hybrid 
fed (P < 0.05) but not correlated with any kernel traits (P > 0.05). Longissimus muscle 
intramuscular fat content was correlated with kernel density (P < 0.05, r = –0.35), Stenvert 
grinding time of the kernels (P < 0.05, r = –0.36), and kernel ADF content (P < 0.05,  
r = 0.31). Finisher Phase BW was correlated with Stenvert grinding time (P < 0.05, r = 0.27), 
NDF content of the kernels (P < 0.05, r = –0.33), and ADF content of the kernels (P < 0.05,  
r = –0.26). The ADG during the Grower-1 Phase was correlated with Stenvert grinding time 
of the kernels (P < 0.05, r = 0.27), and with ADF content of the kernels (P < 0.05, r = –0.26). 
Stenvert grinding time of the kernels was correlated with Grower-2 Phase ADFI (P < 0.05,  
r = 0.27), and NDF content of the kernels was correlated with ADG during the Finisher 
Phase (P < 0.05, r = –0.30). No other growth performance or carcass quality measures were 
correlated with any kernel physical or chemical traits. The correlations of performance 
measure variation with individual kernel hybrid physical and chemical traits were significant, 
yet not large enough to base corn hybrid selection for feeding pigs on any one kernel 
chemical or physical trait. 
Key words: corn hybrid, corn kernel trait, swine, growth performance, carcass quality 
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INTRODUCTION 
In the United States, approximately 56% of all corn produced is used for animal feed 
(USDA, 2006). In Midwestern swine diets, corn is a major dietary component, supplying 
primarily energy, as well as protein and minerals, at a reasonable cost. Typically, 
nutritionists formulate diets for swine based on reference values for the nutritive content of 
corn and other ingredients (e.g., NRC, 1998). Yet, nutrient variability found in dietary 
ingredients fed to pigs results in changes in growth performance (Fairbairn et al., 1999; Stein 
et al., 2006). Currently, there are a variety of corn hybrids available for planting that contain 
specific agronomic traits desired by corn producers. These hybrid traits include drought, 
insect, or disease resistance (Perez-Prat and van Lookeren Campagne, 2002; Reynolds et al., 
2005). There are also hybrids available that provide higher oil content in the kernels, higher 
proportions of specific amino acids, or different starch characteristics (Whitt et al., 2002; 
Reynolds et al., 2005). Bulk corn grain typically is analyzed for moisture content, foreign 
particulates, and test weight, with little focus on physical or chemical traits beyond those 
because of the large quantity of grain requiring analysis (USDA, 2004). Further, increasing 
specific nutrient content, such as nonphytate P in corn grain, results in improved 
performance measures in pigs (Veum et al., 2001; Hastad et al., 2005). Different corn hybrids 
have different nutrient digestibility and ME values in pigs (Spencer et al., 2000; Lampe et al., 
2006). In addition to variability in chemical composition, there are also physical differences 
among corn grain hybrids such as kernel density, hardness, and resistance to grinding that 
could affect livestock performance. For example, kernel hardness traits are negatively 
correlated with feed conversion and ruminal propionate concentrations in cattle (Jaeger et al., 
2006). Studies in pigs have compared individual kernel traits or chemical composition, and 
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their resultant effects on growth performance (Noblet and Perez, 1993; Spencer et al., 2000; 
Camp et al., 2003; Hastad et al., 2005; Lampe et al., 2006). However, little, if any, peer-
reviewed literature exists that comprehensively investigates the effects of chemical and 
physical kernel traits of corn hybrids and their contribution to changes in growth 
performance in pigs. The objective of this study was to determine the relationship between 
physical and chemical characteristics among several commercially available corn hybrids 
and the differences in growth performance measures and carcass quality in pigs. 
 
MATERIALS AND METHODS 
Corn Growth Conditions and Hybrid Kernel Traits 
The 6 corn hybrids used in this study were commercially available Golden Harvest 
hybrids (Golden Harvest Seeds, Inc., Waterloo, NE) representing hybrids with a wide range 
of chemical and physical traits (Tables 1, 2, and 3). The 6 hybrids were planted on April 27, 
2004, in the same field in Webster County, IA, and harvested on November 22, 2004. All 
cultivation practices (including fertilization rates and chemical application) were identical 
among the 6 hybrids. Each hybrid was planted in 60 rows, with the middle 36 rows of each 
hybrid used in the study to minimize the use of cross-pollinated corn. After harvest, 
approximately 21 tons of each corn hybrid were transported individually to Ames, IA, dried, 
and stored in separate gravity-flow grain bins.  
Before chemical analyses, representative samples of each corn hybrid were ground 
through a 1-mm screen. The moisture content of each hybrid was determined by drying at 
135°C for 2 h (Table 1). Total N content was determined using the micro-Kjeldahl method 
on a Kjeltech 1028 distilling unit (U.S. Tecator, Inc., Herndon, PA), and the CP content was 
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calculated as Kjeldahl N × 6.25. Individual amino acid content for each hybrid was 
determined by ion exchange chromatography (Experiment Station Chemical Laboratories, 
University of Missouri, Columbia, MO). The lipid content was determined as ether extract 
using a Goldfisch lipid extraction apparatus (Laboratory Construction Co., Kansas City, 
MO). Corn kernel fatty acid composition was determined after chloroform–methanol 
extraction on methyl esterified fatty acids using a gas chromatograph (Varian model 3350 
gas chromatograph, Varian Inc., Palo Alto, CA). Neutral detergent fiber and ADF contents 
were determined using an Ankom fiber digestion apparatus (Ankom 200 fiber digester, 
Ankom Technology, Macedon, NY). Proportions of amylose and amylopectin present in 
starch isolated from each hybrid were determined by selective amylopectin precipitation and 
colorimetric glucose determination. Briefly, amylose and total starch samples were prepared 
from each corn hybrid according to the manufacturer’s instructions in a commercial kit (K-
AMYL, Megazyme International Ireland, Inc., Bray, Ireland). Amylose and total starch 
samples were enzymatically hydrolyzed to glucose monomers with either β-amylase, which 
digests only amylose, or a combination of β-amylase and amyloglucosidase, which digest 
both amylose and amylopectin present in the starch. The resultant samples of glucose 
monomers from either amylose alone or total starch were analyzed for glucose content 
according to the manufacturer’s instructions in a commercial glucose assay kit (GAGO20-
1KT, Sigma Aldrich Inc., St. Louis, MO), with the exception of reaction volumes, which 
were decreased to 1/5 of the protocol reaction volumes to facilitate the use of a microplate 
spectrophotometer (Powerwave HT, BioTek Instruments, Inc., Winooski, VT). The 
percentage of amylose in the starch was calculated from the ratio of glucose in the amylose 
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sample and in the total starch sample; the amylopectin content was calculated as the 
difference between the total starch and amylose contents.  
A representative sample of kernels from each corn hybrid was aspirated to remove 
foreign matter and broken kernel particles using an aspirator (Kice 6DT4, Kice Industries, 
Inc., Wichita, KS). Aspirated samples were stored in closed containers at –20°C until 
analyses of physical traits. The test weight of each hybrid was determined in triplicate using 
a test weight apparatus and computer grain scale (Seedburo model 8800, Seedburo 
Equipment, Chicago, IL). The 1000-kernel weight was measured by counting 200 kernels in 
a magnetic parts feeder (Syntron, EB-00, FMC Corporation, Philadelphia, PA) equipped with 
a seed counter (Seedburo Equipment, Chicago, IL), then multiplying the weight of the 200 
kernels by 5. The kernel density was determined in triplicate using a pycnometer 
(Micrometrics AccuPyc 1330, Micrometrics, Norcross, GA). The Stenvert hardness (i.e., 
Stenvert grinding time, Stenvert grinding resistance, hammer mill speed at maximal grinding 
power, and the percentage of hard and soft endosperm) was determined at the University of 
Nebraska (Lincoln, NE) in a Stenvert grinding apparatus (Micro Hammer Mill V, Glen Mills 
Inc., Maywood, NJ) equipped with a 2-mm screen at 360 rpm (Pomeranz, 1985). The particle 
size of representative samples of the ground corn used in the diets was determined with 
National Institutes of Standards and Technology approved USA Standard testing sieves at 
Kansas State University (Manhattan, KS) according to Baker and Hermann (2002). 
 
Experimental Diets 
For the pig experiment, a 3-phase feeding program was used, and within each period, the 
target pig BW were 20 to 40 kg (Grower 1), 40 to 80 kg (Grower 2), and 80 to 120 kg 
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(Finisher). For each growth phase, the diet was formulated using National Research Council 
(1998) published nutrient values for all ingredients (including corn) to contain amounts of 
Lys, TSAA, Ca, nonphytate P, and Na between 10% and 15% less than that recommended by 
the National Research Council (1998) to improve the likelihood that small differences among 
corn kernel traits would elicit detectable changes in growth performance. The dietary 
treatments were then created by substituting each of the 6 different corn hybrids on an equal 
weight basis to the formulated diet—thus, the only difference among the experimental diets 
was the corn hybrid used (Table 4). Because the experiment was carried out over 9 mo, 
dietary treatments were mixed fresh approximately every 3 wk to prevent feed spoilage or 
loss of vitamin activity. Immediately prior to mixing the dietary treatments, all corn was 
ground in a hammer mill equipped with a 7.94-mm (20/64-in) screen, and all diets were fed 
in mash form. 
 
Animals and Management 
All procedures relating to the use of live animals in this study were approved by the Iowa 
State University Institutional Animal Care and Use Committee. A total of 288 PIC (Pig 
Improvement Corporation, Lexington, KY) crossbred barrows with an initial BW of 21.4 ± 
3.1 kg were used in this experiment. The barrows were from 2 genetic pools,  
either PIC337 × Camborough-22 (202 barrows), or PIC337 × (PIC337 × Camborough-22) 
(86 barrows). Because of pig availability, the experiment was carried out in 7 periods over 9 
mo. Of the 7 periods, 2 periods consisted of 1 block (i.e., 6 pens, 4 pigs per pen), and the 
remaining periods consisted of 2 blocks, for a total of 12 replications per dietary treatment. 
When 2 experimental blocks (i.e., 12 pens) were allotted from the same group of pigs, pigs 
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were divided by BW prior to allotment into 2 weight-outcome groups (i.e., heavier and 
lighter) and one block was allotted from only the heavier outcome group, while the second 
block was allotted from only the lighter outcome group. Allotment for individual blocks in 
the experiment was carried out to minimize the CV among initial average pen BW, to 
prevent littermates being allotted to the same pen, and to maintain equal representation of pig 
genetic makeup within a pen. Pen location within the barn and time of the experiment were 
blocking criteria.  
 
Growth and Carcass Data Collection 
Pigs were housed in 1.8 × 2.0 m (Grower-1 Phase) or 1.8 × 2.7 m (Grower-2 and Finisher 
Phases) partially slatted floor pens in a completely enclosed facility. Each pen was equipped 
with a 2-hole feeder and 1 nipple drinker. Pigs were allowed free access to feed and water 
throughout the experiment. Initial pig BW were recorded and BW were monitored at least 
every 2 wk thereafter to determine timing of dietary transitions and harvest. Dietary 
transitions were made on a block basis, when the mean BW of all pigs in the block, 
irrespective of diet, was within 2.5 kg of the target BW for each phase. Feed consumption 
(measured as feed disappearance) and BW were recorded at the start and end of each growth 
phase and at harvest; and ADG, ADFI, and G:F calculated from the recorded data.  
One week prior to harvest, all pigs in a block were ultrasonically evaluated. The 
evaluations were performed by a National Swine Improvement Federation certified 
ultrasound technician with an Aloka 500V SSD ultrasound machine (Corometrics Medical 
Systems, Inc., Wallingford, CT) according to Newcom et al. (2002). A minimum of 4 
longitudinal images taken 7 cm off midline across the 10th to 13th ribs were collected and 
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visually assessed for acceptability by a certified technician, and then predicted IMF, 
longissimus muscle area (LMA), and 10th rib backfat thickness (BF10) were calculated based 
on the method of Newcom et al. (2002). 
When the block mean BW was 120 kg, pigs with BW between 105 and 137 kg BW were 
transported to a commercial harvest facility (Hormel Foods, Austin, MN). After harvest, 
carcass weights were recorded, and carcasses were stored at 4°C and sampled for carcass 
traits within 24 h by Iowa State University personnel. Longissimus muscle pH was measured 
on the 10th-rib face of the longissimus muscle using a pH star probe (SFK Ltd, Hvidovre, 
Denmark) calibrated using 2 buffers (pH 4.0 and 7.0) prior to each carcass measurement. 
Color readings were taken in the Hunter L*a*b* color space on the 10th-rib face of the 
longissimus muscle using a Minolta CR-310 (Minolta Camera Co., Ltd., Osaka, Japan) with 
a 50-mm-diameter aperture, D65 illuminant, and calibrated to the white calibration plate. 
The percent fat-free body mass, rate of lean gain, and lean gain efficiency were 
calculated using ultrasound predictions, live BW and carcass weight according to equations 
for live pigs using real-time ultrasound (NPPC, 2000).  
 
Statistical Analyses 
The 6 dietary treatments were assigned to pens according to a randomized complete 
block design, with location within the barn and time of pig allotment as blocking criteria. To 
determine the main effects of corn hybrids on growth performance and carcass quality 
measures, data were subjected to ANOVA analysis by the PROC GLM procedure of SAS 9.1 
(SAS Institute, Cary, NC). Fixed effects in the ANOVA model were hybrid and block. For 
BF10, LMA, and carcass lean weight, the pig carcass weight was used as a linear covariate to 
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remove variation because of differences present in individual final BW among the pigs. 
When the main effect of hybrid was significant, means were separated using Fisher’s LSD 
(Snedecor and Cochran, 1980). To determine the principal component effects of all analyzed 
corn kernel traits on observed differences in all performance measures, data were subjected 
to the multivariate ANOVA (MANOVA) procedure within the GLM procedure of SAS 9.1 
(Bray and Maxwell, 1982). The fixed effect in the MANOVA model was block. For BF10, 
LMA, and carcass lean weight, the individual pigs’ carcass weight was used as a covariate to 
remove variation because of differences present in individual final BW among the pigs. In all 
comparisons, P ≤ 0.05 was considered significant.  
 
RESULTS AND DISCUSSION 
Differences existed in both chemical and physical kernel traits among corn hybrids 
(Tables 1, 2, and 3). These differences were attributed to genotypic differences among the 
hybrids tested, because the corn was grown in the same field under the same growing 
conditions. Moreover, within corn hybrids, chemical and physical traits are relatively 
consistent compared with the variation among different hybrids (Reynolds et al., 2005). The 
chemical and physical traits of the 6 corn hybrids tested in this study were representative of 
values for test weight, lipid content, CP and kernel density when compared with the reported 
means of test weight (0.740 kg/L or 57.5 lb/bu), lipid content (3.6%), CP (7.3%), and kernel 
density (1.26 g/cm3) for corn grown in Webster County, IA, in 2004 (Rippke, 2005). Corn is 
typically sold as a commodity and is valued by bulk density, moisture content, and foreign 
particulates. Test weight, the most common bulk density measure used in the United States, 
is a measure of the weight of grain per bushel, whereas 1000-kernel weight is an indicator of 
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the size and packing ability of the kernels, but neither measures individual kernel density 
directly. Because there can be positive or negative correlations between test weight, 1000-
kernel weight, and kernel density (Thompson and Goodman, 2006), kernel density was 
measured directly. In this study, test weight and kernel density were positively correlated 
with each other (P < 0.01, r = 0.61). 
There are 2 types of starch present in corn kernels: amylose, a linear chain of glucose 
molecules, and amylopectin, a branched chain of glucose molecules. The proportion of each 
starch type in corn kernels can influence the physical characteristics of the kernels, as well as 
the digestibility of the starch and other nutrients (Hibberd et al., 1982). Corn endosperm 
hardness, also referred to as vitreousness, has been reported to be correlated positively with 
amylopectin content in the endosperm and is measured by evaluating absolute (not bulk) 
density of the kernels, evaluating Stenvert hardness, or physically dissecting the kernels 
(Correa et al., 2002). Because the branched structure of amylopectin allows more sites for 
enzymatic attachment and hydrolysis (Mazur and Nakatani, 1993), the digestibility and ME 
content of the starch increases with increasing amylopectin content (Mazur and Nakatani, 
1993; Shelton et al., 2004). Thus, corn containing a relatively higher proportion of 
amylopectin should be relatively harder and have a higher ME content (Hastad et al., 2005), 
and growth performance measures could improve when compared with corn containing less 
amylopectin (Camp et al., 2003). Even though bulk grain density can be used as a measure of 
vitreousness (Li et al., 1996), in this study, the amylopectin content, absolute density, and 
Stenvert hardness measures of each corn hybrid were measured to obtain accurate 
assessments of the hardness and starch type present in the kernels. Stenvert hardness 
measures were grouped to indicate a general hardness or vitreousness of the corn kernels; a 
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higher Stenvert percentage of hard endosperm, higher grinding resistance, and longer time to 
grind were all indicative of a harder kernel (Li et al., 1996). For practical purposes, unless 
otherwise stated, kernel hardness in this discussion will refer to the collective Stenvert 
measures, rather than any one Stenvert measure, as kernel hardness is a description of the 
various Stenvert measures in combination (Pomeranz, 1985).  
In the current study, there were corn hybrid effects on growth performance measures but 
not carcass quality measures (Tables 5 and 6). The corn hybrid included in the diet affected 
BW at the end of the Grower-1 and Grower-2 Phases. The corn hybrid included in the diet 
also affected ADG during the Grower-2 and Finisher Phases. Further, the corn hybrid fed to 
the pigs influenced G:F in the Finisher Phase, overall lean growth efficiency, and number of 
days to market.  
To determine the influence of individual kernel traits on growth performance and carcass 
quality measures, principal component analysis was performed. The kernel density and the 
Stenvert time to grind, both indicators of kernel hardness, were the only physical kernel traits 
correlated with growth performance and carcass measures in the current study (Table 7). The 
kernel density of the hybrid fed to the pigs was negatively correlated with longissimus 
muscle IMF percentage (P < 0.05, r = –0.35), but not any other carcass measures or growth 
performance traits. Further, longissimus muscle IMF percentage was negatively correlated 
with Stenvert time to grind (P < 0.05, r = –0.36) and positively correlated with ADF content 
of the corn kernels (P < 0.05, r = 0.31). Because the IMF percentage in pork loin is related to 
flavor, meat marbling, and consumer desirability (Newcom et al., 2005; Schwab et al., 2006), 
any influence of kernel traits on IMF could also influence consumer acceptability of pork. 
There is evidence that the type of starch present in the diet has an impact on ADFI, energy 
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availability, and utilization of other dietary nutrients (Noblet and Perez, 1993; Le Goff and 
Noblet, 2001). The increased Stenvert grinding time and absolute density of the kernels are 
measures indicating an increased vitreousness and thus relatively higher proportion of 
amylopectin in the corn. Thus, the higher amylopectin content in the cornstarch may have 
resulted in relatively higher ME content because of the branched structure of amylopectin 
(Mazur and Nakatani, 1993; Lu, 1999). The ADF content of the corn kernels also may have 
affected carbohydrate availability. Fiber is a complex dietary component that may have 
prevented the pigs from completely digesting starch, because fiber can encapsulate the 
starch, which results in limiting the ability of digestive enzymes to access and break down 
the starch (Lenis et al., 1996; Gilani et al., 2005). Further, some types of fiber increase 
viscosity of the digesta when exposed to water in the digestive tract, in turn, impeding 
mixing and the contact among the feed components, digestive enzymes, and the intestinal 
wall from which nutrients are absorbed (Fontaine et al., 2003). Increasing dietary glucose 
availability has a protein sparing effect and also can decrease protein degradation (Fulks et 
al., 1975; Fuller et al., 1977), and thus a higher content of amylopectin in cornstarch might 
have contributed to the protein and lipid contents of muscle. However, all of the kernel traits 
affecting IMF must be viewed together to evaluate the final biological result. In this study, 
there was no effect of the specific corn hybrid fed to the pigs on IMF content in the 
longissimus muscle (Table 6), even though individual kernel traits correlated with variation 
seen in IMF (Table 7). Because increased carbohydrate availability because of relatively 
higher amylopectin content in the cornstarch may have resulted in lower IMF, the ADF 
content of the corn kernels may have lowered the dietary glucose availability, resulting in no 
net change in IMF deposition. Furthermore, the ADF content of the corn kernels correlated 
  
54
negatively with Stenvert hardness (P < 0.01, r = –0.38), which could have been indicative of 
a lower total starch content, and thus resulted in a lower G:F. Ultimately, because the 
absolute variation in growth performance measures was relatively small, results which agree 
with studies showing that the type and availability of dietary starch has no effect, or an 
unclear effect, on carcass quality in pigs (Beech et al., 1991; Camp et al., 2003).  
The hardness of the kernels, indicated by Stenvert grinding time, was positively 
correlated with ADG of pigs in the Grower-1 Phase (P < 0.05, r = 0.26), ADFI during the 
Grower-2 Phase (P < 0.05, r = 0.27), and BW at the end of the Finisher Phase (P < 0.05,  
r = 0.27). Because of biological variability, final BW varied within pens, within blocks, and 
within dietary treatments across blocks, even though the pigs were removed by block for 
harvest, and, thus, all final BW should have been similar. The biological variability could 
explain the presence of a correlation of Stenvert grinding time with final BW, but no 
significant effect of the specific corn hybrid on mean final BW. The Stenvert grinding time 
was negatively correlated with the amylose to amylopectin ratio in the cornstarch (P < 0.05,  
r = –0.25), indicating that a harder kernel may have contained a higher content of 
amylopectin in the cornstarch. A relatively higher percentage of amylopectin has been 
reported to result in increased energy availability (Mazur and Nakatani, 1993; Lu, 1999; 
Camp et al., 2003), at least partly explaining the increased ADG in the Grower-1 Phase. 
Further, even though Stenvert grinding time was positively correlated with final BW, there 
was no correlation between Stenvert grinding time and the overall ADG or G:F, indicating 
that the effects of any single kernel trait only partially explain the variation in growth 
performance and the effects of all the kernel traits must be evaluated in combination to 
determine the contribution of a specific hybrid to biological variation. The increased ADFI in 
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the Grower-2 Phase would not likely have been because of amylopectin content alone, as the 
pigs would consume feed to meet their energy needs (Henry, 1985; Pettigrew and Moser, 
1991; Ellis and Augspurger, 2001). When the correlations of the amylopectin percentage in 
the cornstarch and the growth performance measures for the Grower-2 Phase were analyzed, 
the increased ADFI seen in the Grower-2 Phase resulted in increased ADG and increased 
BW at the end of the Grower-2 Phase (Table 5). Given equal ADFI and G:F, cornstarch with 
a higher amylopectin content would result in higher ADG and ending BW, as more energy 
would available for pig growth. No other physical kernel traits were correlated with any pig 
growth performance or carcass quality measures; thus, correlations of kernel traits with 
growth performance measures must be analyzed not just individually but also as a 
combination of factors that will affect growth performance.  
The NDF content of the corn kernels was negatively correlated (P < 0.05) with final BW 
(r = –0.33) and ADG (r = –0.30) during the Finisher Phase. The NDF content also was 
positively correlated with number of days to market (P < 0.05, r = 0.31). Further, the ADF 
content of the corn kernels was correlated negatively with final BW (P < 0.05, r = –0.26). 
Fiber is likely correlated with lower performance measures because of its antinutritive 
properties previously discussed, and, thus, given equal ADFI, diets containing a relatively 
higher percentage of dietary fiber would result in relatively less energy and nutrients 
available for growth, and therefore pigs would grow more slowly and take longer to reach 
market weight. There were significant effects of corn hybrid on ADG in the Grower-2 and 
Finisher Phases, as well as number of days to market, likely because of the combination of 
fiber content of the kernels and amylopectin content of the cornstarch.  
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Several studies have shown that a higher amylopectin content in cornstarch or higher 
glucose availability show little or no improvement in pig growth performance (Wahlstrom et 
al., 1977; Camp et al., 2003; Lampe et al., 2006). Moreover, Camp et al. (2003) reported no 
effect of dietary starch type or availability on carcass quality traits in pigs, a result similar to 
that observed in the current study where corn hybrid had small, but significant, effects on 
growth performance, and no significant effects on carcass quality. In this study, significant 
correlations between corn kernel traits from different corn hybrids and performance measures 
were detected. However, the contribution of any one physical or chemical trait was limited in 
its influence on performance, and, frequently, the performance effects would not be large 
enough for a producer to make decisions to include a particular hybrid in swine diets based 
on any single kernel trait. The complex interactions of many individual traits combine to 
elicit growth performance changes, therefore, determining which has a larger contribution to 
the growth performance is difficult without looking at the contribution of every principal 
component in concert, especially when traits have competing effects, such as amylopectin 
content in the cornstarch and NDF content of the kernels. Further, only limited relevance 
could be assigned to any correlation between principal components and performance 
measures when they are relatively weak. The effect of these complex interactions affected 
growth performance, but no one principal component was statistically significant, which was 
apparent when looking at the performance measures affected by corn hybrid in ANOVA 
evaluation that had no principal component correlations in MANOVA evaluation (i.e., 
efficiency of lean growth). In essence, corn producers and swine producers should not base 
decisions to include a specific hybrid in diets based on any one physical or chemical trait. 
Thus, it is still prudent to purchase and sell corn on the basis of test weight, moisture content, 
  
57
and foreign particulate as normal. However, we do not mean to imply that pig producers 
should not formulate diets taking into consideration the nutrient content of the corn (e.g., 
digestible Lys, ME) and meeting the dietary needs of the animals through proper dietary 
formulation. Because swine nutritionists can analyze and balance diets effectively based on 
current analytical techniques, corn producers should be more concerned with yield and other 
desirable agronomic traits rather than any one physical or chemical trait resulting from a 
given corn hybrid. 
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Table 4. Pig diet formulations and calculated compositions (as-is basis)1  
Item Grower-1 Grower-2 Finisher 
 (20 to 40 kg BW) (40 to 80 kg BW) (80 to 120 kg BW) 
Ingredient -----------------------------------------------%---------------------------------------------- 
Corn 71.32 80.90 88.47 
Soybean meal (48% CP) 22.30 14.44 8.61 
Soybean crude oil 4.30 2.88 1.35 
Dicalcium phosphate 0.47 0.32 0.2 
Calcium carbonate 1.03 0.92 0.84 
Sodium chloride, iodized 0.22 0.18 0.17 
Tracemineral premix2 0.06 0.06 0.06 
Vitamin premix3 0.25 0.25 0.25 
Tylan 404 0.05 0.05 0.05 
Total 100.00 100.00 100.00 
    
Calculated composition    
CP 16.65 13.74 11.61 
ME (kcal/kg) 3,265 3,265 3,265 
Ether extract 7.1 6.0 4.8 
NDF 8.83 9.05 9.26 
ADF 3.20 3.04 2.94 
Ca 0.52 0.44 0.39 
Nonphytate P 0.21 0.16 0.13 
K 0.66 0.53 0.44 
Na 0.10 0.09 0.09 
Cl 0.17 0.15 0.14 
dEB5 (mEq/kg) 165 133 109 
Lys 0.85 0.64 0.48 
Met 0.28 0.24 0.22 
Met + Cys 0.57 0.49 0.44 
Thr 0.62 0.50 0.42 
Trp 0.21 0.16 0.13 
1Each of the 6 corn hybrids was substituted for corn on an equal weight basis to make the 6 dietary treatments.  
2Supplied per kilogram of diet: manganese as MnSO4, 36 mg; zinc as ZnSO4, 90 mg; iron as FeSO4, 1 g; copper 
as CuSO4, 10.5 mg; iodine as Ca(IO3)2, 0.121 mg. 
3Supplied per kilogram of diet: Vitamin A (retinyl acetate), 5500 IU; vitamin E (DL-α-tocopheryl acetate), 27.5 
IU; vitamin D3 (cholecalciferol), 1375 IU; niacin, 41.3 mg; pantothenic acid, 22 mg; vitamin B12, 27.5 μg; 
riboflavin, 8.3 mg. 
4Supplied per 907 kg of diet: 40 g tylosin phosphate. 
5Dietary electrolyte balance, calculated as Na+ + K+ – Cl–.  
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Table 7. Correlations between differences in traits of corn kernels from different hybrids present in dietary 
treatments and pig growth performance measures during 3 pig growth phases and the overall growth phase1  
Corn trait Response P-value Correlation  Proportion of  
     coefficient (r)  variation  
      explained  
    by trait (r2)  
Kernel density IMF2 0.016 –0.347 0.120 
  
Stenvert grinding time ADG during Grower-1 Phase 0.049 0.256 0.066 
 ADFI during Grower-2 Phase 0.035 0.273 0.075 
 BW at end of Finisher Phase 0.037 0.271 0.073 
 IMF 0.013 –0.356 0.127 
     
Amylose content BW at end of Grower-2 Phase  0.035 –0.273 0.075 
in cornstarch ADG during Grower-2 Phase 0.032 –0.277 0.077 
 
Amylopectin content BW at end of Grower-2 Phase  0.035 0.273 0.075 
in cornstarch ADG during Grower-2 Phase 0.032 0.277 0.077 
      
Amylose to amylopectin BW at end of Grower-2 Phase  0.032 –0.277 0.077 
ratio in cornstarch ADG during Grower-2 Phase 0.035 –0.273 0.075 
     
NDF BW at end of Finisher Phase 0.011 –0.327 0.107 
 ADG during Finisher Phase 0.019 –0.303 0.092 
 Number of days to market 0.030 0.314 0.099 
     
ADF ADG during Grower-1 Phase 0.046 –0.259 0.067 
 BW at end of Finisher Phase 0.046 –0.259 0.067 
 IMF 0.035 0.305 0.093 
1Only traits that correlated significantly (P < 0.05) in multivariate ANOVA (MANOVA) with production 
parameters are shown. 
2Longissimus muscle IMF percentage determined by ultrasound 
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CHAPTER 4: GENERAL CONCLUSIONS 
The two studies were performed to determine the influence the variation in physical and 
chemical traits of corn kernels from different hybrids on growth and egg-production 
performance in poultry and pigs. Knowing which, if any, kernel traits would elicit 
statistically and economically important performance changes would aid nutritionists and 
plant breeders in selecting corn to plant or include in livestock diets. 
In broiler chickens, individual kernel traits elicited significant growth performance 
changes in both the early (i.e. 0 to 2 wk of age) and late (i.e. 4 to 6 wk of age), but not middle 
(i.e. 2 to 4 wk of age), growth stages. In broiler chickens from 0 to 2 wk of age, physical 
characteristics (i.e., test weight and Stenvert grinding time) of the corn and their contribution 
to nutrient digestibility seemed to play a larger role than did nutrient content of the corn 
kernels (Appendix 1). However, in older broilers, with a more mature digestive system, the 
nutrient content of the corn kernels played a larger role than its physical kernel traits. In 
laying hens, physical characteristics of the corn and their contribution to nutrient digestibility 
contributed significantly to egg-production performance. However, the proportion of 
variation in egg-production performance measures explained by physical traits (r2) is similar 
to the proportion of variation explained by chemical traits of the corn hybrids (Appendix 2).  
Including different corn hybrids in pig diets affected growth performance from weaning 
(21 kg BW) to harvest (113 kg BW) but had no significant effects on carcass quality 
measures. Individual kernel physical and chemical traits were significantly correlated with 
growth performance measures, and, in the case of intramuscular fat content in the 
longissimus muscle, with carcass quality (Appendix 3). However, as observed in laying hens, 
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the physical kernel traits did not provide a more significant contribution than did chemical 
traits which are associated with nutrient content.  
In both studies, the influence of individual corn kernel traits on performance measures 
was significant. However, the absolute effects observed were relatively small, and a typical 
kernel trait explained less than 10% of the variation observed in individual performance 
measures. Because of these small variations and relatively small contributions by any kernel 
trait, the performance effects were not large enough make decisions on inclusion in poultry 
or swine diets based on any one trait. However, it may be practical to select corn based on a 
combination of traits which will elicit improved performance. The small performance gains 
resulting from selecting specific hybrids for dietary inclusion might be mitigated by the 
practical costs associated with maintaining corn grain identity, so decisions to grow corn 
hybrids or include specific hybrids in poultry and pig diets should be approached in a 
practical sense.   
Thus, it is still prudent to purchase and sell corn on the basis of test weight, moisture 
content, and foreign particulate as normal. However, livestock producers should still 
formulate diets taking into consideration the nutrient content of the corn (e.g., digestible Lys, 
ME) and meeting the dietary needs of the animals through proper dietary formulation, 
regardless of the physical characteristics of the corn kernels across hybrids. Because 
nutritionists can analyze and balance diets effectively based on current analytical techniques, 
corn growers should be more concerned with yield and other desirable agronomic traits 
rather than any one physical or chemical trait resulting from a given corn hybrid. 
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APPENDIX 1: CORN KERNEL TRAIT CORRELATIONS WITH BROILER 
CHICKEN GROWTH PERFORMANCE MEASURES 
 
Appendix 1. Correlations between corn kernel traits and broiler performance when evaluated by multivariate 
ANOVA.  
Corn hybrid trait Correlating P-value1 Correlation 
 performance measure coefficient (r)  
Lysine content (%) 0 to 2 wk of age   
 BW at 0 wk of age 0.547 –0.079 
 BW at 2 wk of age (kg) 0.281 –0.140 
 Average daily gain (g/day) 0.288 –0.138 
 Feed consumption (g/day) 0.029 0.279 
 Feed utilization (g gain/kg feed) 0.001 –0.416 
  
 2 to 4 wk of age   
 BW at 2 wk of age (kg) 0.281 –0.140 
 BW at 4 wk of age (kg) 0.747 0.042 
 Average daily gain (g/day) 0.376 0.115 
 Feed consumption (g/day) 0.938 –0.010 
 Feed utilization (g gain/kg feed) 0.387 0.113 
  
 4 to 6 wk of age   
 BW at 4 wk of age (kg) 0.747 0.042 
 BW at 6 wk of age (kg) 0.483 0.092 
 Average daily gain (g/day) 0.462 0.096 
 Feed consumption (g/day) 0.121 –0.200 
 Feed utilization (g gain/kg feed) 0.027 0.283 
  
 0 to 6 wk of age   
 Initial BW (wk 0) 0.547 –0.079 
 Final BW (Wk 6) 0.483 0.092 
 Average daily gain (g/day) 0.479 0.092 
 Feed consumption (g/day) 0.383 –0.114 
 Feed utilization (g gain/kg feed) 0.107 0.209 
 BW within 10% of pen mean BW 0.148 –0.187 
 BW within 20% of pen mean BW 0.098 –0.214 
 Pen coefficients of variation (%) 0.386 0.131 
Continued on next page 
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Appendix 1. (Cont.)  
Corn hybrid trait Correlating P-value1 Correlation 
 performance measure coefficient (r)  
Methionine content (%) 0 to 2 wk of age   
 BW at 0 wk of age 0.898 0.017 
 BW at 2 wk of age (kg) 0.681 –0.054 
 Average daily gain (g/day) 0.675 –0.055 
 Feed consumption (g/day) 0.027 0.283 
 Feed utilization (g gain/kg feed) 0.009 –0.330 
  
 2 to 4 wk of age   
 BW at 2 wk of age (kg) 0.681 –0.054 
 BW at 4 wk of age (kg) 0.565 0.075 
 Average daily gain (g/day) 0.371 0.117 
 Feed consumption (g/day) 0.622 0.064 
 Feed utilization (g gain/kg feed) 0.860 0.023 
  
 4 to 6 wk of age   
 BW at 4 wk of age (kg) 0.565 0.075 
 BW at 6 wk of age (kg) 0.509 0.086 
 Average daily gain (g/day) 0.632 0.062 
 Feed consumption (g/day) 0.224 –0.158 
 Feed utilization (g gain/kg feed) 0.112 0.205 
  
 0 to 6 wk of age   
 Initial BW (wk 0) 0.898 0.017 
 Final BW (Wk 6) 0.509 0.086 
 Average daily gain (g/day) 0.509 0.086 
 Feed consumption (g/day) 0.756 –0.041 
 Feed utilization (g gain/kg feed) 0.410 0.107 
 BW within 10% of pen mean BW 0.026 –0.285 
 BW within 20% of pen mean BW 0.132 –0.195 
 Pen coefficients of variation (%) 0.150 0.187 
Continued on next page 
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Appendix 1. (Cont.)  
Corn hybrid trait Correlating P-value1 Correlation 
 performance measure coefficient (r)  
Amylose content 0 to 2 wk of age   
in starch (%) BW at 0 wk of age 0.182 0.173 
 BW at 2 wk of age (kg) 0.849 0.025 
 Average daily gain (g/day) 0.892 0.018 
 Feed consumption (g/day) 0.220 0.159 
 Feed utilization (g gain/kg feed) 0.364 –0.118 
  
 2 to 4 wk of age   
 BW at 2 wk of age (kg) 0.849 0.025 
 BW at 4 wk of age (kg) 0.600 0.068 
 Average daily gain (g/day) 0.577 0.073 
 Feed consumption (g/day) 0.308 0.133 
 Feed utilization (g gain/kg feed) 0.548 –0.079 
  
 4 to 6 wk of age   
 BW at 4 wk of age (kg) 0.600 0.068 
 BW at 6 wk of age (kg) 0.858 –0.023 
 Average daily gain (g/day) 0.503 –0.087 
 Feed consumption (g/day) 0.720 –0.047 
 Feed utilization (g gain/kg feed) 0.781 –0.036 
  
 0 to 6 wk of age   
 Initial BW (wk 0) 0.182 0.173 
 Final BW (Wk 6) 0.858 –0.023 
 Average daily gain (g/day) 0.848 –0.025 
 Feed consumption (g/day) 0.776 0.037 
 Feed utilization (g gain/kg feed) 0.638 –0.061 
 BW within 10% of pen mean BW 0.650 0.059 
 BW within 20% of pen mean BW 0.936 0.011 
 Pen coefficients of variation (%) 0.621 –0.065 
Continued on next page 
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Appendix 1. (Cont.)  
Corn hybrid trait Correlating P-value1 Correlation 
 performance measure coefficient (r)  
Amylopectin content 0 to 2 wk of age   
in starch (%) BW at 0 wk of age 0.182 –0.173 
 BW at 2 wk of age (kg) 0.849 –0.025 
 Average daily gain (g/day) 0.892 –0.018 
 Feed consumption (g/day) 0.220 –0.159 
 Feed utilization (g gain/kg feed) 0.364 0.118 
  
 2 to 4 wk of age   
 BW at 2 wk of age (kg) 0.849 –0.025 
 BW at 4 wk of age (kg) 0.600 –0.068 
 Average daily gain (g/day) 0.577 –0.073 
 Feed consumption (g/day) 0.308 –0.133 
 Feed utilization (g gain/kg feed) 0.548 0.079 
  
 4 to 6 wk of age   
 BW at 4 wk of age (kg) 0.600 –0.068 
 BW at 6 wk of age (kg) 0.858 0.023 
 Average daily gain (g/day) 0.503 0.087 
 Feed consumption (g/day) 0.720 0.047 
 Feed utilization (g gain/kg feed) 0.781 0.036 
  
 0 to 6 wk of age   
 Initial BW (wk 0) 0.182 –0.173 
 Final BW (Wk 6) 0.858 0.023 
 Average daily gain (g/day) 0.848 0.025 
 Feed consumption (g/day) 0.776 –0.037 
 Feed utilization (g gain/kg feed) 0.638 0.061 
 BW within 10% of pen mean BW 0.650 –0.059 
 BW within 20% of pen mean BW 0.936 –0.011 
 Pen coefficients of variation (%) 0.621 0.065 
Continued on next page 
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Appendix 1. (Cont.)  
Corn hybrid trait Correlating P-value1 Correlation 
 performance measure coefficient (r)  
Ratio of amylose to 0 to 2 wk of age   
amylopectin in starch BW at 0 wk of age 0.205 0.165 
 BW at 2 wk of age (kg) 0.893 0.018 
 Average daily gain (g/day) 0.934 0.011 
 Feed consumption (g/day) 0.202 0.166 
 Feed utilization (g gain/kg feed) 0.312 –0.132 
  
 2 to 4 wk of age   
 BW at 2 wk of age (kg) 0.893 0.018 
 BW at 4 wk of age (kg) 0.595 0.069 
 Average daily gain (g/day) 0.553 0.077 
 Feed consumption (g/day) 0.310 0.132 
 Feed utilization (g gain/kg feed) 0.575 –0.073 
  
 4 to 6 wk of age   
 BW at 4 wk of age (kg) 0.595 0.069 
 BW at 6 wk of age (kg) 0.879 –0.020 
 Average daily gain (g/day) 0.524 –0.083 
 Feed consumption (g/day) 0.709 –0.049 
 Feed utilization (g gain/kg feed) 0.819 –0.030 
  
 0 to 6 wk of age   
 Initial BW (wk 0) 0.205 0.165 
 Final BW (Wk 6) 0.879 –0.020 
 Average daily gain (g/day) 0.870 –0.021 
 Feed consumption (g/day) 0.792 0.034 
 Feed utilization (g gain/kg feed) 0.677 –0.054 
 BW within 10% of pen mean BW 0.605 0.068 
 BW within 20% of pen mean BW 0.941 0.010 
 Pen coefficients of variation (%) 0.587 –0.071 
Continued on next page 
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Appendix 1. (Cont.)  
Corn hybrid trait Correlating P-value1 Correlation 
 performance measure coefficient (r)  
Ether extract (%) 0 to 2 wk of age   
 BW at 0 wk of age 0.864 0.022 
 BW at 2 wk of age (kg) 0.432 0.103 
 Average daily gain (g/day) 0.432 0.103 
 Feed consumption (g/day) 0.888 –0.018 
 Feed utilization (g gain/kg feed) 0.299 0.135 
  
 2 to 4 wk of age   
 BW at 2 wk of age (kg) 0.432 0.103 
 BW at 4 wk of age (kg) 0.341 0.124 
 Average daily gain (g/day) 0.417 0.106 
 Feed consumption (g/day) 0.056 0.246 
 Feed utilization (g gain/kg feed) 0.160 –0.182 
  
 4 to 6 wk of age   
 BW at 4 wk of age (kg) 0.341 0.124 
 BW at 6 wk of age (kg) 0.565 0.075 
 Average daily gain (g/day) 0.952 0.008 
 Feed consumption (g/day) 0.022 0.294 
 Feed utilization (g gain/kg feed) 0.038 –0.266 
  
 0 to 6 wk of age   
 Initial BW (wk 0) 0.864 0.022 
 Final BW (Wk 6) 0.565 0.075 
 Average daily gain (g/day) 0.566 0.075 
 Feed consumption (g/day) 0.037 0.268 
 Feed utilization (g gain/kg feed) 0.051 –0.251 
 BW within 10% of pen mean BW 0.402 0.109 
 BW within 20% of pen mean BW 0.228 0.157 
 Pen coefficients of variation (%) 0.650 –0.112 
Continued on next page 
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Appendix 1. (Cont.)  
Corn hybrid trait Correlating P-value1 Correlation 
 performance measure coefficient (r)  
Neutral detergent fiber (%) 0 to 2 wk of age   
 BW at 0 wk of age 0.152 –0.186 
 BW at 2 wk of age (kg) 0.561 –0.076 
 Average daily gain (g/day) 0.598 –0.069 
 Feed consumption (g/day) 0.904 0.016 
 Feed utilization (g gain/kg feed) 0.569 –0.074 
  
 2 to 4 wk of age   
 BW at 2 wk of age (kg) 0.561 –0.076 
 BW at 4 wk of age (kg) 0.895 0.017 
 Average daily gain (g/day) 0.670 0.056 
 Feed consumption (g/day) 0.588 0.071 
 Feed utilization (g gain/kg feed) 0.810 –0.031 
  
 4 to 6 wk of age   
 BW at 4 wk of age (kg) 0.895 0.017 
 BW at 6 wk of age (kg) 0.479 0.092 
 Average daily gain (g/day) 0.370 0.117 
 Feed consumption (g/day) 0.165 0.180 
 Feed utilization (g gain/kg feed) 0.640 –0.061 
  
 0 to 6 wk of age   
 Initial BW (wk 0) 0.152 –0.186 
 Final BW (Wk 6) 0.479 0.092 
 Average daily gain (g/day) 0.471 0.094 
 Feed consumption (g/day) 0.395 0.111 
 Feed utilization (g gain/kg feed) 0.681 –0.054 
 BW within 10% of pen mean BW 0.079 0.227 
 BW within 20% of pen mean BW 0.087 0.221 
 Pen coefficients of variation (%) 0.081 –0.225 
Continued on next page 
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Appendix 1. (Cont.)  
Corn hybrid trait Correlating P-value1 Correlation 
 performance measure coefficient (r)  
Acid detergent fiber (%) 0 to 2 wk of age   
 BW at 0 wk of age 0.497 –0.089 
 BW at 2 wk of age (kg) 0.131 –0.195 
 Average daily gain (g/day) 0.135 –0.193 
 Feed consumption (g/day) 0.563 0.075 
 Feed utilization (g gain/kg feed) 0.048 –0.254 
  
 2 to 4 wk of age   
 BW at 2 wk of age (kg) 0.131 –0.195 
 BW at 4 wk of age (kg) 0.648 –0.060 
 Average daily gain (g/day) 0.906 0.015 
 Feed consumption (g/day) 0.691 –0.052 
 Feed utilization (g gain/kg feed) 0.550 0.078 
  
 4 to 6 wk of age   
 BW at 4 wk of age (kg) 0.648 –0.060 
 BW at 6 wk of age (kg) 0.924 0.013 
 Average daily gain (g/day) 0.619 0.065 
 Feed consumption (g/day) 0.726 –0.046 
 Feed utilization (g gain/kg feed) 0.446 0.099 
  
 0 to 6 wk of age   
 Initial BW (wk 0) 0.497 –0.089 
 Final BW (Wk 6) 0.924 0.013 
 Average daily gain (g/day) 0.919 0.013 
 Feed consumption (g/day) 0.557 –0.077 
 Feed utilization (g gain/kg feed) 0.422 0.105 
 BW within 10% of pen mean BW 0.042 0.262 
 BW within 20% of pen mean BW 0.368 0.117 
 Pen coefficients of variation (%) 0.135 –0.193 
Continued on next page 
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Appendix 1. (Cont.)  
Corn hybrid trait Correlating P-value1 Correlation 
 performance measure coefficient (r)  
Test weight (kg/L) 0 to 2 wk of age   
 BW at 0 wk of age 0.658 0.058 
 BW at 2 wk of age (kg) 0.790 0.035 
 Average daily gain (g/day) 0.803 0.033 
 Feed consumption (g/day) 0.044 0.259 
 Feed utilization (g gain/kg feed) 0.090 –0.219 
  
 2 to 4 wk of age   
 BW at 2 wk of age (kg) 0.790 0.035 
 BW at 4 wk of age (kg) 0.371 0.116 
 Average daily gain (g/day) 0.328 0.127 
 Feed consumption (g/day) 0.334 0.126 
 Feed utilization (g gain/kg feed) 0.784 –0.036 
  
 4 to 6 wk of age   
 BW at 4 wk of age (kg) 0.371 0.116 
 BW at 6 wk of age (kg) 0.524 0.083 
 Average daily gain (g/day) 0.847 0.025 
 Feed consumption (g/day) 0.452 –0.098 
 Feed utilization (g gain/kg feed) 0.365 0.118 
  
 0 to 6 wk of age   
 Initial BW (wk 0) 0.658 0.058 
 Final BW (Wk 6) 0.524 0.083 
 Average daily gain (g/day) 0.526 0.083 
 Feed consumption (g/day) 0.836 0.027 
 Feed utilization (g gain/kg feed) 0.839 0.027 
 BW within 10% of pen mean BW 0.014 –0.313 
 BW within 20% of pen mean BW 0.143 –0.190 
 Pen coefficients of variation (%) 0.687 0.206 
Continued on next page 
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Appendix 1. (Cont.)  
Corn hybrid trait Correlating P-value1 Correlation 
 performance measure coefficient (r)  
1000-kernel weight (g) 0 to 2 wk of age   
 BW at 0 wk of age 0.689 0.052 
 BW at 2 wk of age (kg) 0.266 –0.145 
 Average daily gain (g/day) 0.254 –0.148 
 Feed consumption (g/day) 0.568 0.075 
 Feed utilization (g gain/kg feed) 0.092 –0.218 
  
 2 to 4 wk of age   
 BW at 2 wk of age (kg) 0.266 –0.145 
 BW at 4 wk of age (kg) 0.603 –0.068 
 Average daily gain (g/day) 0.891 –0.018 
 Feed consumption (g/day) 0.385 –0.113 
 Feed utilization (g gain/kg feed) 0.346 0.123 
  
 4 to 6 wk of age   
 BW at 4 wk of age (kg) 0.603 –0.068 
 BW at 6 wk of age (kg) 0.618 –0.065 
 Average daily gain (g/day) 0.770 –0.038 
 Feed consumption (g/day) 0.109 –0.207 
 Feed utilization (g gain/kg feed) 0.217 0.160 
  
 0 to 6 wk of age   
 Initial BW (wk 0) 0.689 0.052 
 Final BW (Wk 6) 0.618 –0.065 
 Average daily gain (g/day) 0.615 –0.066 
 Feed consumption (g/day) 0.161 –0.182 
 Feed utilization (g gain/kg feed) 0.190 0.170 
 BW within 10% of pen mean BW 0.373 0.116 
 BW within 20% of pen mean BW 0.546 –0.079 
 Pen coefficients of variation (%) 0.390 –0.053 
Continued on next page 
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Appendix 1. (Cont.)  
Corn hybrid trait Correlating P-value1 Correlation 
 performance measure coefficient (r)  
Kernel density (g/cm3) 0 to 2 wk of age   
 BW at 0 wk of age 0.198 0.167 
 BW at 2 wk of age (kg) 0.376 0.115 
 Average daily gain (g/day) 0.402 0.109 
 Feed consumption (g/day) 0.676 0.055 
 Feed utilization (g gain/kg feed) 0.617 0.065 
  
 2 to 4 wk of age   
 BW at 2 wk of age (kg) 0.376 0.115 
 BW at 4 wk of age (kg) 0.670 0.056 
 Average daily gain (g/day) 0.902 0.016 
 Feed consumption (g/day) 0.411 0.107 
 Feed utilization (g gain/kg feed) 0.379 –0.115 
  
 4 to 6 wk of age   
 BW at 4 wk of age (kg) 0.670 0.056 
 BW at 6 wk of age (kg) 0.927 –0.012 
 Average daily gain (g/day) 0.640 –0.061 
 Feed consumption (g/day) 0.967 0.005 
 Feed utilization (g gain/kg feed) 0.597 –0.069 
  
 0 to 6 wk of age   
 Initial BW (wk 0) 0.198 0.167 
 Final BW (Wk 6) 0.927 –0.012 
 Average daily gain (g/day) 0.918 –0.013 
 Feed consumption (g/day) 0.559 0.076 
 Feed utilization (g gain/kg feed) 0.380 –0.115 
 BW within 10% of pen mean BW 0.169 –0.178 
 BW within 20% of pen mean BW 0.838 –0.027 
 Pen coefficients of variation (%) 0.111 0.113 
Continued on next page 
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Appendix 1. (Cont.)  
Corn hybrid trait Correlating P-value1 Correlation 
 performance measure coefficient (r)  
Ground corn 0 to 2 wk of age   
mean particle size (µm) BW at 0 wk of age 0.779 0.037 
 BW at 2 wk of age (kg) 0.622 0.064 
 Average daily gain (g/day) 0.627 0.063 
 Feed consumption (g/day) 0.358 0.120 
 Feed utilization (g gain/kg feed) 0.781 –0.036 
  
 2 to 4 wk of age   
 BW at 2 wk of age (kg) 0.622 0.064 
 BW at 4 wk of age (kg) 0.459 0.097 
 Average daily gain (g/day) 0.492 0.090 
 Feed consumption (g/day) 0.140 0.191 
 Feed utilization (g gain/kg feed) 0.268 –0.144 
  
 4 to 6 wk of age   
 BW at 4 wk of age (kg) 0.459 0.097 
 BW at 6 wk of age (kg) 0.581 0.072 
 Average daily gain (g/day) 0.847 0.025 
 Feed consumption (g/day) 0.335 0.126 
 Feed utilization (g gain/kg feed) 0.444 –0.100 
  
 0 to 6 wk of age   
 Initial BW (wk 0) 0.779 0.037 
 Final BW (Wk 6) 0.581 0.072 
 Average daily gain (g/day) 0.582 0.072 
 Feed consumption (g/day) 0.197 0.167 
 Feed utilization (g gain/kg feed) 0.246 –0.151 
 BW within 10% of pen mean BW 0.777 –0.037 
 BW within 20% of pen mean BW 0.410 0.107 
 Pen coefficients of variation (%) 0.770 –0.038 
Continued on next page 
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Appendix 1. (Cont.)  
Corn hybrid trait Correlating P-value1 Correlation 
 performance measure coefficient (r)  
Stenvert hardness 0 to 2 wk of age   
(% hard endosperm) BW at 0 wk of age 0.963 0.006 
 BW at 2 wk of age (kg) 0.171 0.178 
 Average daily gain (g/day) 0.168 0.179 
 Feed consumption (g/day) 0.591 –0.070 
 Feed utilization (g gain/kg feed) 0.076 0.229 
  
 2 to 4 wk of age   
 BW at 2 wk of age (kg) 0.171 0.178 
 BW at 4 wk of age (kg) 0.577 0.073 
 Average daily gain (g/day) 0.946 0.009 
 Feed consumption (g/day) 0.714 0.048 
 Feed utilization (g gain/kg feed) 0.708 –0.049 
  
 4 to 6 wk of age   
 BW at 4 wk of age (kg) 0.577 0.073 
 BW at 6 wk of age (kg) 0.890 0.018 
 Average daily gain (g/day) 0.806 –0.032 
 Feed consumption (g/day) 0.612 0.066 
 Feed utilization (g gain/kg feed) 0.532 –0.082 
  
 0 to 6 wk of age   
 Initial BW (wk 0) 0.963 0.006 
 Final BW (Wk 6) 0.890 0.018 
 Average daily gain (g/day) 0.890 0.018 
 Feed consumption (g/day) 0.543 0.079 
 Feed utilization (g gain/kg feed) 0.563 –0.076 
 BW within 10% of pen mean BW 0.072 –0.232 
 BW within 20% of pen mean BW 0.324 –0.129 
 Pen coefficients of variation (%) 0.131 0.195 
Continued on next page 
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Appendix 1. (Cont.)  
Corn hybrid trait Correlating P-value1 Correlation 
 performance measure coefficient (r)  
Stenvert hardness 0 to 2 wk of age   
(% soft column height) BW at 0 wk of age 0.935 –0.011 
 BW at 2 wk of age (kg) 0.380 0.114 
 Average daily gain (g/day) 0.374 0.116 
 Feed consumption (g/day) 0.198 0.167 
 Feed utilization (g gain/kg feed) 0.748 –0.042 
  
 2 to 4 wk of age   
 BW at 2 wk of age (kg) 0.380 0.114 
 BW at 4 wk of age (kg) 0.226 0.157 
 Average daily gain (g/day) 0.277 0.142 
 Feed consumption (g/day) 0.083 0.224 
 Feed utilization (g gain/kg feed) 0.301 –0.135 
  
 4 to 6 wk of age   
 BW at 4 wk of age (kg) 0.226 0.157 
 BW at 6 wk of age (kg) 0.360 0.119 
 Average daily gain (g/day) 0.737 0.044 
 Feed consumption (g/day) 0.350 0.122 
 Feed utilization (g gain/kg feed) 0.598 –0.069 
  
 0 to 6 wk of age   
 Initial BW (wk 0) 0.935 –0.011 
 Final BW (Wk 6) 0.36 0.119 
 Average daily gain (g/day) 0.359 0.120 
 Feed consumption (g/day) 0.147 0.188 
 Feed utilization (g gain/kg feed) 0.314 –0.131 
 BW within 10% of pen mean BW 0.165 –0.180 
 BW within 20% of pen mean BW 0.927 –0.012 
 Pen coefficients of variation (%) 0.559 0.076 
Continued on next page 
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Appendix 1. (Cont.)  
Corn hybrid trait Correlating P-value1 Correlation 
 performance measure coefficient (r)  
Stenvert grinding 0 to 2 wk of age   
resistance (rpm) BW at 0 wk of age 0.390 0.112 
 BW at 2 wk of age (kg) 0.920 –0.013 
 Average daily gain (g/day) 0.891 –0.018 
 Feed consumption (g/day) 0.084 –0.223 
 Feed utilization (g gain/kg feed) 0.126 0.198 
  
 2 to 4 wk of age   
 BW at 2 wk of age (kg) 0.920 –0.013 
 BW at 4 wk of age (kg) 0.257 –0.148 
 Average daily gain (g/day) 0.176 –0.175 
 Feed consumption (g/day) 0.160 –0.182 
 Feed utilization (g gain/kg feed) 0.700 0.050 
  
 4 to 6 wk of age   
 BW at 4 wk of age (kg) 0.257 –0.148 
 BW at 6 wk of age (kg) 0.264 –0.145 
 Average daily gain (g/day) 0.498 –0.088 
 Feed consumption (g/day) 0.571 –0.074 
 Feed utilization (g gain/kg feed) 0.850 –0.025 
  
 0 to 6 wk of age   
 Initial BW (wk 0) 0.390 0.112 
 Final BW (Wk 6) 0.264 –0.145 
 Average daily gain (g/day) 0.260 –0.146 
 Feed consumption (g/day) 0.334 –0.126 
 Feed utilization (g gain/kg feed) 0.851 0.025 
 BW within 10% of pen mean BW 0.571 0.074 
 BW within 20% of pen mean BW 0.802 0.033 
 Pen coefficients of variation (%) 0.974 –0.004 
Continued on next page 
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Appendix 1. (Cont.)  
Corn hybrid trait Correlating P-value1 Correlation 
 performance measure coefficient (r)  
Stenvert time to grind (s) 0 to 2 wk of age   
 BW at 0 wk of age 0.225 0.158 
 BW at 2 wk of age (kg) 0.087 0.221 
 Average daily gain (g/day) 0.094 0.216 
 Feed consumption (g/day) 0.404 –0.109 
 Feed utilization (g gain/kg feed) 0.014 0.314 
  
 2 to 4 wk of age   
 BW at 2 wk of age (kg) 0.087 0.221 
 BW at 4 wk of age (kg) 0.700 0.050 
 Average daily gain (g/day) 0.769 –0.038 
 Feed consumption (g/day) 0.660 0.058 
 Feed utilization (g gain/kg feed) 0.434 –0.102 
  
 4 to 6 wk of age   
 BW at 4 wk of age (kg) 0.700 0.050 
 BW at 6 wk of age (kg) 0.680 –0.054 
 Average daily gain (g/day) 0.373 –0.116 
 Feed consumption (g/day) 0.712 0.048 
 Feed utilization (g gain/kg feed) 0.247 –0.150 
  
 0 to 6 wk of age   
 Initial BW (wk 0) 0.225 0.158 
 Final BW (Wk 6) 0.680 –0.054 
 Average daily gain (g/day) 0.672 –0.055 
 Feed consumption (g/day) 0.539 0.080 
 Feed utilization (g gain/kg feed) 0.276 –0.142 
 BW within 10% of pen mean BW 0.108 –0.208 
 BW within 20% of pen mean BW 0.505 –0.087 
 Pen coefficients of variation (%) 0.163 0.181 
1P-values are those for the effect of the specific kernel trait with the individual performance measure determined during 
multivariate ANOVA. 
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APPENDIX 2: CORN KERNEL TRAIT CORRELATIONS WITH LAYING-HEN 
EGG-PRODUCTION PERFORMANCE MEASURES 
Appendix 2. Correlations between corn kernel traits and laying-hen performance when evaluated by 
multivariate ANOVA. 
Corn hybrid trait Correlating P-value1 Correlation  
 Performance measure coefficient (r)  
Lysine content (%) Total eggs produced in 14 week trial 0.834 0.022 
 Final BW (kg) 0.563 0.061 
 Egg weight (g) 0.993 –0.001 
 Egg production (%) 0.834 0.022 
 Feed consumption for entire trial (g/d) 0.425 0.085 
 Egg mass (g/d)  0.901 0.013 
 Change in BW over trial (g/hen) 0.563 0.061 
 Feed utilization (g egg mass/kg feed) 0.835 –0.022 
 Egg specific gravity 0.680 –0.044 
 
Methionine content (%) Total eggs produced in 14 week trial 0.131 0.159 
 Final BW (kg) 0.621 0.052 
 Egg weight (g) 0.382 –0.093 
 Egg production (%) 0.131 0.159 
 Feed consumption for entire trial (g/d) 0.567 0.061 
 Egg mass (g/d) 0.324 0.104 
 Change in BW over trial (g/hen) 0.621 0.052 
 Feed utilization (g egg mass/kg feed) 0.351 0.099 
 Egg specific gravity 0.856 0.019 
 
Amylose content in starch (%) Total eggs produced in 14 week trial 0.600 –0.056 
 Final BW (kg) 0.830 –0.023 
 Egg weight (g) 0.266 –0.118 
 Egg production (%) 0.600 –0.056 
 Feed consumption for entire trial (g/d) 0.266 –0.118 
 Egg mass (g/d) 0.368 –0.096 
 Change in BW over trial (g/hen) 0.830 –0.023 
 Feed utilization (g egg mass/kg feed) 0.715 –0.039 
 Egg specific gravity 0.003 –0.310 
Continued on next page 
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Appendix 2. (Cont.) 
Corn hybrid trait Correlating P-value1 Correlation  
 performance measure coefficient (r) 
Amylopectin content Total eggs produced in 14 week trial 0.600 0.056 
in starch (%) Final BW (kg) 0.830 0.023 
 Egg weight (g) 0.266 0.118 
 Egg production (%) 0.600 0.056 
 Feed consumption for entire trial (g/d) 0.266 0.118 
 Egg mass (g/d) 0.368 0.096 
 Change in BW over trial (g/hen) 0.830 0.023 
 Feed utilization (g egg mass/kg feed) 0.715 0.039 
 Egg specific gravity 0.003 0.310 
 
Ratio of amylose to Total eggs produced in 14 week trial 0.537 –0.066 
amylopectin in starch Final BW (kg) 0.821 –0.024 
 Egg weight (g) 0.291 –0.112 
 Egg production (%) 0.537 –0.066 
 Feed consumption for entire trial (g/d) 0.259 –0.120 
 Egg mass (g/d) 0.333 –0.103 
 Change in BW over trial (g/hen) 0.821 –0.024 
 Feed utilization (g egg mass/kg feed) 0.668 –0.046 
 Egg specific gravity 0.002 –0.317 
 
Ether extract (%) Total eggs produced in 14 week trial 0.459 0.079 
 Final BW (kg) 0.304 –0.109 
 Egg weight (g) 0.418 –0.086 
 Egg production (%) 0.459 0.079 
 Feed consumption for entire trial (g/d) 0.074 –0.188 
 Egg mass (g/d) 0.758 0.033 
 Change in BW over trial (g/hen) 0.304 –0.109 
 Feed utilization (g egg mass/kg feed) 0.141 0.156 
 Egg specific gravity 0.624 0.052 
Continued on next page 
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Appendix 2. (Cont.) 
Corn hybrid trait Correlating P-value1 Correlation  
 performance measure coefficient (r) 
Neutral detergent fiber (%) Total eggs produced in 14 week trial 0.504 –0.071 
 Final BW (kg) 0.218 –0.130 
 Egg weight (g) 0.617 0.053 
 Egg production (%) 0.504 –0.071 
 Feed consumption for entire trial (g/d) 0.049 –0.207 
 Egg mass (g/d) 0.615 –0.053 
 Change in BW over trial (g/hen) 0.218 –0.130 
 Feed utilization (g egg mass/kg feed) 0.420 0.086 
 Egg specific gravity 0.962 –0.005 
 
Acid detergent fiber (%) Total eggs produced in 14 week trial 0.019 –0.245 
 Final BW (kg) 0.592 –0.057 
 Egg weight (g) 0.614 0.054 
 Egg production (%) 0.019 –0.245 
 Feed consumption for entire trial (g/d) 0.153 –0.151 
 Egg mass (g/d) 0.047 –0.209 
 Change in BW over trial (g/hen) 0.592 –0.057 
 Feed utilization (g egg mass/kg feed) 0.206 –0.134 
 Egg specific gravity 0.006 –0.289 
 
Test weight (kg/L) Total eggs produced in 14 week trial 0.033 0.224 
 Final BW (kg) 0.663 0.046 
 Egg weight (g) 0.260 –0.119 
 Egg production (%) 0.033 0.224 
 Feed consumption for entire trial (g/d) 0.538 0.065 
 Egg mass (g/d) 0.141 0.156 
 Change in BW over trial (g/hen) 0.663 0.046 
 Feed utilization (g egg mass/kg feed) 0.160 0.149 
 Egg specific gravity 0.462 0.078 
Continued on next page 
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Appendix 2. (Cont.) 
Corn hybrid trait Correlating P-value1 Correlation  
 performance measure coefficient (r) 
1000 kernel weight (g) Total eggs produced in 14 week trial 0.019 –0.245 
 Final BW (kg) 0.639 0.050 
 Egg weight (g) 0.743 0.035 
 Egg production (%) 0.019 –0.245 
 Feed consumption for entire trial (g/d) 0.867 0.018 
 Egg mass (g/d) 0.047 –0.209 
 Change in BW over trial (g/hen) 0.639 0.050 
 Feed utilization (g egg mass/kg feed) 0.014 –0.256 
 Egg specific gravity 0.001 –0.339 
 
Kernel density (g/cm3) Total eggs produced in 14 week trial 0.068 0.192 
 Final BW (kg) 0.930 0.009 
 Egg weight (g) 0.166 –0.146 
 Egg production (%) 0.068 0.192 
 Feed consumption for entire trial (g/d) 0.929 –0.010 
 Egg mass (g/d) 0.251 0.122 
 Change in BW over trial (g/hen) 0.930 0.009 
 Feed utilization (g egg mass/kg feed) 0.166 0.146 
 Egg specific gravity 0.672 0.045 
 
Ground corn Total eggs produced in 14 week trial 0.147 0.153 
mean particle size (µm) Final BW (kg) 0.441 –0.082 
 Egg weight (g) 0.256 –0.120 
 Egg production (%) 0.147 0.153 
 Feed consumption for entire trial (g/d) 0.138 –0.157 
 Egg mass (g/d) 0.403 0.089 
 Change in BW over trial (g/hen) 0.441 –0.082 
 Feed utilization (g egg mass/kg feed) 0.042 0.214 
 Egg specific gravity 0.809 0.026 
Continued on next page 
 
  
92
Appendix 2. (Cont.) 
Corn hybrid trait Correlating P-value1 Correlation  
 performance measure coefficient (r) 
Stenvert hardness Total eggs produced in 14 week trial 0.039 0.217 
(% hard endosperm) Final BW (kg) 0.624 0.052 
 Egg weight (g) 0.989 –0.002 
 Egg production (%) 0.039 0.217 
 Feed consumption for entire trial (g/d) 0.114 0.167 
 Egg mass (g/d) 0.054 0.203 
 Change in BW over trial (g/hen) 0.624 0.052 
 Feed utilization (g egg mass/kg feed) 0.273 0.116 
 Egg specific gravity 0.002 0.326 
 
Stenvert hardness Total eggs produced in 14 week trial 0.014 0.257 
(% soft column height) Final BW (kg) 0.659 –0.047 
 Egg weight (g) 0.326 –0.104 
 Egg production (%) 0.014 0.257 
 Feed consumption for entire trial (g/d) 0.610 –0.054 
 Egg mass (g/d) 0.072 0.189 
 Change in BW over trial (g/hen) 0.659 –0.047 
 Feed utilization (g egg mass/kg feed) 0.012 0.263 
 Egg specific gravity 0.079 0.185 
 
Stenvert grinding Total eggs produced in 14 week trial 0.272 –0.116 
resistance (rpm) Final BW (kg) 0.635 0.050 
 Egg weight (g) 0.817 0.025 
 Egg production (%) 0.272 –0.116 
 Feed consumption for entire trial (g/d) 0.571 0.060 
 Egg mass (g/d) 0.403 –0.089 
 Change in BW over trial (g/hen) 0.635 0.050 
 Feed utilization (g egg mass/kg feed) 0.148 –0.153 
 Egg specific gravity 0.438 –0.082 
Continued on next page  
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Appendix 2. (Cont.) 
Corn hybrid trait Correlating P-value1 Correlation  
 performance measure coefficient (r) 
Stenvert time to grind (s) Total eggs produced in 14 week trial 0.049 0.207 
 Final BW (kg) 0.615 0.053 
 Egg weight (g) 0.490 –0.073 
 Egg production (%) 0.049 0.207 
 Feed consumption for entire trial (g/d) 0.230 0.127 
 Egg mass (g/d) 0.108 0.170 
 Change in BW over trial (g/hen) 0.615 0.053 
 Feed utilization (g egg mass/kg feed) 0.359 0.097 
 Egg specific gravity 0.047 0.208 
1P-values are those for the effect of the specific kernel trait with the individual performance measure determined during 
multivariate ANOVA. 
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APPENDIX 3: CORN KERNEL TRAIT CORRELATIONS WITH PIG GROWTH 
PERFORMANCE AND CARCASS QUALITY MEASURES 
Appendix 3. Correlations between corn kernel traits and pig performance when evaluated by multivariate 
ANOVA.   
Corn hybrid trait Correlating P-value1 Correlation  
 performance measure coefficient (r)  
Lysine content (%) Grower-1 Phase (20 to 40 kg)   
 ADG in Grower-1 Phase (kg/d) 0.474 –0.094 
 ADFI in Grower-1 Phase (kg/d) 0.263 –0.147 
 Feed Utilization in Grower-1 Phase 0.727 0.046 
 BW at end of Grower-1 Phase (kg) 0.944 0.009 
    
 Grower-2 Phase (40 to 80 kg)   
 ADG in Grower-2 Phase (kg/d) 0.683 0.054 
 ADFI in Grower-2 Phase (kg/d) 0.205 –0.166 
 Feed utilization in Grower-2 Phase 0.608 0.068 
 BW at end of Grower-2 Phase (kg) 0.138 0.194 
    
 Finisher Phase (80 to 120 kg)   
 ADG during Finisher Phase (kg/d) 0.835 –0.027 
 ADFI during Finisher Phase (kg/d) 0.931 –0.011 
 Feed utilization in Finisher Phase 0.937 0.010 
 Final BW (kg) 0.788 0.035 
    
 Overall growth (20 to 120 kg)   
 Initial BW (kg) 0.087 0.250 
 Final BW (kg) 0.788 0.035 
 Overall ADG (kg/d) 0.368 –0.133 
 Days to 120 kg market weight (d) 0.802 –0.037 
 Overall ADFI (kg/d) 0.853 –0.028 
 Overall feed utilization 0.288 –0.157 
 Overall lean growth rate (kg/day) 0.374 –0.131 
 Efficiency of lean growth 0.373 –0.131 
    
 Carcass quality   
 Final pen weight (kg) 0.788 0.035 
 Carcass weight (kg) 0.413 0.121 
 Dress percentage (%) 0.915 –0.016 
 Carcass percent lean (%) 0.820 0.034 
 Backfat thickness at 10th rib (cm) 0.874 0.024 
 Loin Eye Area (cm2) 0.141 0.215 
 Longissimus muscle adipose tissue (%) 0.062 0.271 
 Hunter color scores   
 L* 0.578 –0.099 
 a* 0.079 0.306 
 b* 0.519 –0.115 
 Carcass pH 0.479 –0.126 
Continued on next page 
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Appendix 3. (Cont.) 
Corn hybrid trait Correlating P-value1 Correlation  
 performance measure coefficient (r)  
Methionine content (%) Grower-1 Phase (20 to 40 kg)   
 ADG in Grower-1 Phase (kg/d) 0.754 0.041 
 ADFI in Grower-1 Phase (kg/d) 0.613 –0.067 
 Feed Utilization in Grower-1 Phase 0.658 0.058 
 BW at end of Grower-1 Phase (kg) 0.473 0.094 
    
 Grower-2 Phase (40 to 80 kg)   
 ADG in Grower-2 Phase (kg/d) 0.225 0.159 
 ADFI in Grower-2 Phase (kg/d) 0.223 –0.160 
 Feed utilization in Grower-2 Phase 0.315 0.132 
 BW at end of Grower-2 Phase (kg) 0.064 0.241 
    
 Finisher Phase (80 to 120 kg)   
 ADG during Finisher Phase (kg/d) 0.705 0.050 
 ADFI during Finisher Phase (kg/d) 0.994 –0.001 
 Feed utilization in Finisher Phase 0.847 0.026 
 Final BW (kg) 0.220 0.161 
    
 Overall growth (20 to 120 kg)   
 Initial BW (kg) 0.116 –0.230 
 Final BW (kg) 0.220 0.161 
 Overall ADG (kg/d) 0.837 0.031 
 Days to 120 kg market weight (d) 0.636 –0.070 
 Overall ADFI (kg/d) 0.196 –0.190 
 Overall feed utilization 0.182 0.196 
 Overall lean growth rate (kg/day) 0.517 0.096 
 Efficiency of lean growth 0.517 0.096 
    
 Carcass quality   
 Final pen weight (kg) 0.220 0.161 
 Carcass weight (kg) 0.277 0.160 
 Dress percentage (%) 0.935 0.012 
 Carcass percent lean (%) 0.937 –0.012 
 Backfat thickness at 10th rib (cm) 0.501 0.099 
 Loin Eye Area (cm2) 0.157 0.208 
 Longissimus muscle adipose tissue (%) 0.931 0.013 
 Hunter color scores   
 L* 0.593 –0.095 
 a* 0.231 0.211 
 b* 0.370 –0.159 
 Carcass pH 0.416 –0.144 
Continued on next page 
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Corn hybrid trait Correlating P-value1 Correlation  
 performance measure coefficient (r)  
Amylose content in starch (%) Grower-1 Phase (20 to 40 kg)   
 ADG in Grower-1 Phase (kg/d) 0.464 –0.096 
 ADFI in Grower-1 Phase (kg/d) 0.904 –0.016 
 Feed Utilization in Grower-1 Phase 0.688 –0.053 
 BW at end of Grower-1 Phase (kg) 0.453 –0.099 
    
 Grower-2 Phase (40 to 80 kg)   
 ADG in Grower-2 Phase (kg/d) 0.032 0.277 
 ADFI in Grower-2 Phase (kg/d) 0.841 –0.027 
 Feed utilization in Grower-2 Phase 0.382 0.115 
 BW at end of Grower-2 Phase (kg) 0.035 0.273 
    
 Finisher Phase (80 to 120 kg)   
 ADG during Finisher Phase (kg/d) 0.786 0.036 
 ADFI during Finisher Phase (kg/d) 0.517 0.085 
 Feed utilization in Finisher Phase 0.651 0.060 
 Final BW (kg) 0.984 0.003 
    
 Overall growth (20 to 120 kg)   
 Initial BW (kg) 0.400 0.124 
 Final BW (kg) 0.984 0.003 
 Overall ADG (kg/d) 0.843 –0.029 
 Days to 120 kg market weight (d) 0.579 –0.082 
 Overall ADFI (kg/d) 0.608 –0.076 
 Overall feed utilization 0.976 0.005 
 Overall lean growth rate (kg/day) 0.574 –0.083 
 Efficiency of lean growth 0.574 –0.083 
    
 Carcass quality   
 Final pen weight (kg) 0.984 0.003 
 Carcass weight (kg) 0.596 0.079 
 Dress percentage (%) 0.770 –0.043 
 Carcass percent lean (%) 0.646 0.068 
 Backfat thickness at 10th rib (cm) 0.919 –0.015 
 Loin Eye Area (cm2) 0.624 0.073 
 Longissimus muscle adipose tissue (%) 0.982 –0.003 
 Hunter color scores   
 L* 0.754 –0.056 
 a* 0.261 0.381 
 b* 0.669 0.076 
 Carcass pH 0.023 –0.388 
Continued on next page 
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Corn hybrid trait Correlating P-value1 Correlation  
 performance measure coefficient (r)  
Amylopectin content Grower-1 Phase (20 to 40 kg)   
in starch (%) ADG in Grower-1 Phase (kg/d) 0.464 0.096 
 ADFI in Grower-1 Phase (kg/d) 0.904 0.016 
 Feed Utilization in Grower-1 Phase 0.688 0.053 
 BW at end of Grower-1 Phase (kg) 0.453 0.099 
    
 Grower-2 Phase (40 to 80 kg)   
 ADG in Grower-2 Phase (kg/d) 0.032 –0.277 
 ADFI in Grower-2 Phase (kg/d) 0.841 0.027 
 Feed utilization in Grower-2 Phase 0.382 –0.115 
 BW at end of Grower-2 Phase (kg) 0.035 –0.273 
    
 Finisher Phase (80 to 120 kg)   
 ADG during Finisher Phase (kg/d) 0.786 –0.036 
 ADFI during Finisher Phase (kg/d) 0.517 –0.085 
 Feed utilization in Finisher Phase 0.651 –0.060 
 Final BW (kg) 0.984 –0.003 
    
 Overall growth (20 to 120 kg)   
 Initial BW (kg) 0.461 –0.109 
 Final BW (kg) 0.984 –0.003 
 Overall ADG (kg/d) 0.325 0.145 
 Days to 120 kg market weight (d) 0.579 0.082 
 Overall ADFI (kg/d) 0.671 –0.063 
 Overall feed utilization 0.154 0.209 
 Overall lean growth rate (kg/day) 0.474 0.106 
 Efficiency of lean growth 0.474 0.106 
    
 Carcass quality   
 Final pen weight (kg) 0.984 –0.003 
 Carcass weight (kg) 0.596 –0.079 
 Dress percentage (%) 0.770 0.043 
 Carcass percent lean (%) 0.646 –0.068 
 Backfat thickness at 10th rib (cm) 0.919 0.015 
 Loin Eye Area (cm2) 0.624 –0.073 
 Longissimus muscle adipose tissue (%) 0.982 0.003 
 Hunter color scores   
 L* 0.754 0.056 
 a* 0.261 –0.381 
 b* 0.669 –0.076 
 Carcass pH 0.023 0.388 
Continued on next page 
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Corn hybrid trait Correlating P-value1 Correlation  
 performance measure coefficient (r)  
Ratio of amylose to Grower-1 Phase (20 to 40 kg)   
amylopectin in starch ADG in Grower-1 Phase (kg/d) 0.399 –0.111 
 ADFI in Grower-1 Phase (kg/d) 0.855 –0.024 
 Feed Utilization in Grower-1 Phase 0.672 –0.056 
 BW at end of Grower-1 Phase (kg) 0.422 –0.106 
    
 Grower-2 Phase (40 to 80 kg)   
 ADG in Grower-2 Phase (kg/d) 0.035 0.273 
 ADFI in Grower-2 Phase (kg/d) 0.807 –0.032 
 Feed utilization in Grower-2 Phase 0.387 0.114 
 BW at end of Grower-2 Phase (kg) 0.032 0.277 
    
 Finisher Phase (80 to 120 kg)   
 ADG during Finisher Phase (kg/d) 0.855 0.024 
 ADFI during Finisher Phase (kg/d) 0.520 0.085 
 Feed utilization in Finisher Phase 0.682 0.054 
 Final BW (kg) 0.931 –0.011 
  
 Overall growth (20 to 120 kg)   
 Initial BW (kg) 0.461 0.109 
 Final BW (kg) 0.931 –0.011 
 Overall ADG (kg/d) 0.325 –0.145 
 Days to 120 kg market weight (d) 0.614 –0.075 
 Overall ADFI (kg/d) 0.671 0.063 
 Overall feed utilization 0.154 –0.209 
 Overall lean growth rate (kg/day) 0.474 –0.106 
 Efficiency of lean growth 0.474 –0.106 
    
 Carcass quality   
 Final pen weight (kg) 0.931 –0.011 
 Carcass weight (kg) 0.598 0.078 
 Dress percentage (%) 0.766 –0.044 
 Carcass percent lean (%) 0.610 0.075 
 Backfat thickness at 10th rib (cm) 0.868 –0.025 
 Loin Eye Area (cm2) 0.608 0.076 
 Longissimus muscle adipose tissue (%) 0.875 0.023 
 Hunter color scores   
 L* 0.743 –0.058 
 a* 0.212 0.394 
 b* 0.684 0.072 
 Carcass pH 0.023 –0.388 
Continued on next page 
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Corn hybrid trait Correlating P-value1 Correlation  
 performance measure coefficient (r)  
Ether extract (%) Grower-1 Phase (20 to 40 kg)   
 ADG in Grower-1 Phase (kg/d) 0.887 –0.019 
 ADFI in Grower-1 Phase (kg/d) 0.482 0.093 
 Feed Utilization in Grower-1 Phase 0.388 –0.113 
 BW at end of Grower-1 Phase (kg) 0.750 0.042 
    
 Grower-2 Phase (40 to 80 kg)   
 ADG in Grower-2 Phase (kg/d) 0.548 0.079 
 ADFI in Grower-2 Phase (kg/d) 0.814 –0.031 
 Feed utilization in Grower-2 Phase 0.626 0.064 
 BW at end of Grower-2 Phase (kg) 0.612 0.067 
    
 Finisher Phase (80 to 120 kg)   
 ADG during Finisher Phase (kg/d) 0.197 –0.169 
 ADFI during Finisher Phase (kg/d) 0.876 0.021 
 Feed utilization in Finisher Phase 0.139 –0.193 
 Final BW (kg) 0.269 –0.145 
    
 Overall growth (20 to 120 kg)   
 Initial BW (kg) 0.207 0.186 
 Final BW (kg) 0.269 –0.145 
 Overall ADG (kg/d) 0.804 0.037 
 Days to 120 kg market weight (d) 0.180 0.197 
 Overall ADFI (kg/d) 0.778 0.042 
 Overall feed utilization 0.957 –0.008 
 Overall lean growth rate (kg/day) 0.884 –0.022 
 Efficiency of lean growth 0.885 –0.021 
    
 Carcass quality   
 Final pen weight (kg) 0.269 –0.145 
 Carcass weight (kg) 0.980 0.004 
 Dress percentage (%) 0.169 0.202 
 Carcass percent lean (%) 0.746 0.048 
 Backfat thickness at 10th rib (cm) 0.554 –0.088 
 Loin Eye Area (cm2) 0.613 –0.075 
 Longissimus muscle adipose tissue (%) 0.782 0.041 
 Hunter color scores   
 L* 0.375 –0.157 
 a* 0.812 0.042 
 b* 0.141 –0.258 
 Carcass pH 0.243 –0.206 
Continued on next page 
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Corn hybrid trait Correlating P-value1 Correlation  
 performance measure coefficient (r)  
Neutral detergent fiber (%) Grower-1 Phase (20 to 40 kg)   
 ADG in Grower-1 Phase (kg/d) 0.224 –0.159 
 ADFI in Grower-1 Phase (kg/d) 0.950 0.008 
 Feed Utilization in Grower-1 Phase 0.411 –0.108 
 BW at end of Grower-1 Phase (kg) 0.471 –0.095 
    
 Grower-2 Phase (40 to 80 kg)   
 ADG in Grower-2 Phase (kg/d) 0.995 –0.001 
 ADFI in Grower-2 Phase (kg/d) 0.070 –0.235 
 Feed utilization in Grower-2 Phase 0.250 0.151 
 BW at end of Grower-2 Phase (kg) 0.434 0.103 
    
 Finisher Phase (80 to 120 kg)   
 ADG during Finisher Phase (kg/d) 0.019 –0.303 
 ADFI during Finisher Phase (kg/d) 0.542 –0.080 
 Feed utilization in Finisher Phase 0.104 –0.212 
 Final BW (kg) 0.011 –0.327 
    
 Overall growth (20 to 120 kg)   
 Initial BW (kg) 0.491 –0.102 
 Final BW (kg) 0.011 –0.327 
 Overall ADG (kg/d) 0.361 0.135 
 Days to 120 kg market weight (d) 0.030 0.314 
 Overall ADFI (kg/d) 0.672 –0.063 
 Overall feed utilization 0.180 0.197 
 Overall lean growth rate (kg/day) 0.483 0.104 
 Efficiency of lean growth 0.483 0.104 
    
 Carcass quality   
 Final pen weight (kg) 0.011 –0.327 
 Carcass weight (kg) 0.853 0.028 
 Dress percentage (%) 0.414 0.121 
 Carcass percent lean (%) 0.859 0.026 
 Backfat thickness at 10th rib (cm) 0.563 –0.086 
 Loin Eye Area (cm2) 0.823 –0.033 
 Longissimus muscle adipose tissue (%) 0.171 0.201 
 Hunter color scores   
 L* 0.533 0.111 
 a* 0.204 0.224 
 b* 0.992 0.002 
 Carcass pH 0.416 –0.144 
Continued on next page 
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Corn hybrid trait Correlating P-value1 Correlation  
 performance measure coefficient (r)  
Acid detergent fiber (%) Grower-1 Phase (20 to 40 kg)   
 ADG in Grower-1 Phase (kg/d) 0.046 –0.258 
 ADFI in Grower-1 Phase (kg/d) 0.514 –0.086 
 Feed Utilization in Grower-1 Phase 0.610 –0.067 
 BW at end of Grower-1 Phase (kg) 0.071 –0.235 
    
 Grower-2 Phase (40 to 80 kg)   
 ADG in Grower-2 Phase (kg/d) 0.522 0.084 
 ADFI in Grower-2 Phase (kg/d) 0.085 –0.224 
 Feed utilization in Grower-2 Phase 0.229 0.158 
 BW at end of Grower-2 Phase (kg) 0.130 0.198 
    
 Finisher Phase (80 to 120 kg)   
 ADG during Finisher Phase (kg/d) 0.279 –0.142 
 ADFI during Finisher Phase (kg/d) 0.776 –0.038 
 Feed utilization in Finisher Phase 0.991 –0.001 
 Final BW (kg) 0.046 –0.259 
    
 Overall growth (20 to 120 kg)   
 Initial BW (kg) 0.305 –0.151 
 Final BW (kg) 0.046 –0.259 
 Overall ADG (kg/d) 0.259 –0.166 
 Days to 120 kg market weight (d) 0.566 0.085 
 Overall ADFI (kg/d) 0.192 –0.192 
 Overall feed utilization 0.908 –0.017 
 Overall lean growth rate (kg/day) 0.638 0.070 
 Efficiency of lean growth 0.637 0.070 
    
 Carcass quality   
 Final pen weight (kg) 0.046 –0.259 
 Carcass weight (kg) 0.598 0.078 
 Dress percentage (%) 0.989 0.002 
 Carcass percent lean (%) 0.982 –0.003 
 Backfat thickness at 10th rib (cm) 0.977 –0.004 
 Loin Eye Area (cm2) 0.647 0.068 
 Longissimus muscle adipose tissue (%) 0.035 0.305 
 Hunter color scores   
 L* 0.572 0.100 
 a* 0.081 0.304 
 b* 0.365 0.160 
 Carcass pH 0.507 –0.118 
Continued on next page 
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Corn hybrid trait Correlating P-value1 Correlation  
 performance measure coefficient (r)  
Test weight (kg/L) Grower-1 Phase (20 to 40 kg)   
 ADG in Grower-1 Phase (kg/d) 0.460 0.097 
 ADFI in Grower-1 Phase (kg/d) 0.830 –0.028 
 Feed Utilization in Grower-1 Phase 0.708 0.049 
 BW at end of Grower-1 Phase (kg) 0.239 0.154 
    
 Grower-2 Phase (40 to 80 kg)   
 ADG in Grower-2 Phase (kg/d) 0.232 0.157 
 ADFI in Grower-2 Phase (kg/d) 0.545 –0.080 
 Feed utilization in Grower-2 Phase 0.514 0.086 
 BW at end of Grower-2 Phase (kg) 0.129 0.198 
    
 Finisher Phase (80 to 120 kg)   
 ADG during Finisher Phase (kg/d) 0.678 0.055 
 ADFI during Finisher Phase (kg/d) 0.847 0.025 
 Feed utilization in Finisher Phase 0.960 –0.007 
 Final BW (kg) 0.138 0.194 
    
 Overall growth (20 to 120 kg)   
 Initial BW (kg) 0.638 0.070 
 Final BW (kg) 0.138 0.194 
 Overall ADG (kg/d) 0.587 –0.080 
 Days to 120 kg market weight (d) 0.693 –0.059 
 Overall ADFI (kg/d) 0.736 0.050 
 Overall feed utilization 0.994 0.001 
 Overall lean growth rate (kg/day) 0.737 0.050 
 Efficiency of lean growth 0.416 –0.144 
    
 Carcass quality 0.388 –0.128 
 Final pen weight (kg) 0.138 0.194 
 Carcass weight (kg) 0.418 0.120 
 Dress percentage (%) 0.903 0.018 
 Carcass percent lean (%) 0.877 0.023 
 Backfat thickness at 10th rib (cm) 0.709 0.055 
 Loin Eye Area (cm2) 0.276 0.160 
 Longissimus muscle adipose tissue (%) 0.648 –0.068 
 Hunter color scores   
 L* 0.416 –0.144 
 a* 0.410 0.146 
 b* 0.225 –0.214 
 Carcass pH 0.318 –0.176 
Continued on next page 
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Corn hybrid trait Correlating P-value1 Correlation  
 performance measure coefficient (r)  
1000 kernel weight (g) Grower-1 Phase (20 to 40 kg)   
 ADG in Grower-1 Phase (kg/d) 0.142 –0.192 
 ADFI in Grower-1 Phase (kg/d) 0.321 –0.130 
 Feed Utilization in Grower-1 Phase 0.935 0.011 
 BW at end of Grower-1 Phase (kg) 0.139 –0.193 
    
 Grower-2 Phase (40 to 80 kg)   
 ADG in Grower-2 Phase (kg/d) 0.637 0.062 
 ADFI in Grower-2 Phase (kg/d) 0.972 –0.005 
 Feed utilization in Grower-2 Phase 0.967 –0.006 
 BW at end of Grower-2 Phase (kg) 0.423 0.105 
    
 Finisher Phase (80 to 120 kg)   
 ADG during Finisher Phase (kg/d) 0.546 0.080 
 ADFI during Finisher Phase (kg/d) 0.738 0.044 
 Feed utilization in Finisher Phase 0.206 0.166 
 Final BW (kg) 0.787 –0.036 
    
 Overall growth (20 to 120 kg)   
 Initial BW (kg) 0.692 0.059 
 Final BW (kg) 0.787 –0.036 
 Overall ADG (kg/d) 0.979 0.004 
 Days to 120 kg market weight (d) 0.220 –0.180 
 Overall ADFI (kg/d) 0.825 –0.033 
 Overall feed utilization 0.941 0.011 
 Overall lean growth rate (kg/day) 0.678 –0.062 
 Efficiency of lean growth 0.677 –0.062 
    
 Carcass quality   
 Final pen weight (kg) 0.787 –0.036 
 Carcass weight (kg) 0.829 0.032 
 Dress percentage (%) 0.398 –0.125 
 Carcass percent lean (%) 0.896 0.019 
 Backfat thickness at 10th rib (cm) 0.933 0.012 
 Loin Eye Area (cm2) 0.505 0.099 
 Longissimus muscle adipose tissue (%) 0.081 0.255 
 Hunter color scores   
 L* 0.971 0.007 
 a* 0.119 0.272 
 b* 0.326 0.174 
 Carcass pH 0.623 –0.087 
Continued on next page 
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Corn hybrid trait Correlating P-value1 Correlation  
 performance measure coefficient (r)  
Kernel density (g/cm3) Grower-1 Phase (20 to 40 kg)   
 ADG in Grower-1 Phase (kg/d) 0.118 0.204 
 ADFI in Grower-1 Phase (kg/d) 0.421 0.106 
 Feed Utilization in Grower-1 Phase 0.821 0.030 
 BW at end of Grower-1 Phase (kg) 0.338 0.126 
    
 Grower-2 Phase (40 to 80 kg)   
 ADG in Grower-2 Phase (kg/d) 0.161 0.183 
 ADFI in Grower-2 Phase (kg/d) 0.888 0.019 
 Feed utilization in Grower-2 Phase 0.500 0.089 
 BW at end of Grower-2 Phase (kg) 0.428 0.104 
    
 Finisher Phase (80 to 120 kg)   
 ADG during Finisher Phase (kg/d) 0.266 0.146 
 ADFI during Finisher Phase (kg/d) 0.798 0.034 
 Feed utilization in Finisher Phase 0.664 0.057 
 Final BW (kg) 0.095 0.218 
    
 Overall growth (20 to 120 kg)   
 Initial BW (kg) 0.087 0.250 
 Final BW (kg) 0.095 0.218 
 Overall ADG (kg/d) 0.368 –0.133 
 Days to 120 kg market weight (d) 0.486 –0.103 
 Overall ADFI (kg/d) 0.853 –0.028 
 Overall feed utilization 0.288 –0.157 
 Overall lean growth rate (kg/day) 0.374 –0.131 
 Efficiency of lean growth 0.373 –0.131 
    
 Carcass quality   
 Final pen weight (kg) 0.095 0.218 
 Carcass weight (kg) 0.608 0.076 
 Dress percentage (%) 0.920 0.015 
 Carcass percent lean (%) 0.716 –0.054 
 Backfat thickness at 10th rib (cm) 0.425 0.118 
 Loin Eye Area (cm2) 0.830 0.032 
 Longissimus muscle adipose tissue (%) 0.016 –0.347 
 Hunter color scores   
 L* 0.942 –0.013 
 a* 0.362 –0.161 
 b* 0.737 –0.060 
 Carcass pH 0.727 –0.062 
Continued on next page 
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Corn hybrid trait Correlating P-value1 Correlation  
 performance measure coefficient (r)  
Ground corn Grower-1 Phase (20 to 40 kg)   
mean particle size (µm) ADG in Grower-1 Phase (kg/d) 0.679 0.055 
 ADFI in Grower-1 Phase (kg/d) 0.468 0.095 
 Feed Utilization in Grower-1 Phase 0.620 –0.065 
 BW at end of Grower-1 Phase (kg) 0.665 0.057 
    
 Grower-2 Phase (40 to 80 kg)   
 ADG in Grower-2 Phase (kg/d) 0.104 0.212 
 ADFI in Grower-2 Phase (kg/d) 0.207 –0.165 
 Feed utilization in Grower-2 Phase 0.111 0.208 
 BW at end of Grower-2 Phase (kg) 0.084 0.225 
    
 Finisher Phase (80 to 120 kg)   
 ADG during Finisher Phase (kg/d) 0.491 –0.091 
 ADFI during Finisher Phase (kg/d) 0.923 –0.013 
 Feed utilization in Finisher Phase 0.395 –0.112 
 Final BW (kg) 0.875 –0.021 
    
 Overall growth (20 to 120 kg)   
 Initial BW (kg) 0.046 –0.289 
 Final BW (kg) 0.875 –0.021 
 Overall ADG (kg/d) 0.839 0.030 
 Days to 120 kg market weight (d) 0.356 0.136 
 Overall ADFI (kg/d) 0.708 –0.055 
 Overall feed utilization 0.530 0.093 
 Overall lean growth rate (kg/day) 0.393 0.126 
 Efficiency of lean growth 0.392 0.126 
    
 Carcass quality   
 Final pen weight (kg) 0.875 –0.021 
 Carcass weight (kg) 0.461 0.109 
 Dress percentage (%) 0.478 0.105 
 Carcass percent lean (%) 0.970 –0.006 
 Backfat thickness at 10th rib (cm) 0.823 0.033 
 Loin Eye Area (cm2) 0.828 0.032 
 Longissimus muscle adipose tissue (%) 0.264 –0.165 
 Hunter color scores   
 L* 0.881 0.027 
 a* 0.399 0.150 
 b* 0.498 –0.120 
 Carcass pH 0.071 –0.314 
Continued on next page 
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Corn hybrid trait Correlating P-value1 Correlation  
 performance measure coefficient (r)  
Stenvert hardness Grower-1 Phase (20 to 40 kg)   
(% hard endosperm) ADG in Grower-1 Phase (kg/d) 0.131 0.197 
 ADFI in Grower-1 Phase (kg/d) 0.724 0.047 
 Feed Utilization in Grower-1 Phase 0.685 0.054 
 BW at end of Grower-1 Phase (kg) 0.074 0.232 
    
 Grower-2 Phase (40 to 80 kg)   
 ADG in Grower-2 Phase (kg/d) 0.180 –0.175 
 ADFI in Grower-2 Phase (kg/d) 0.078 0.230 
 Feed utilization in Grower-2 Phase 0.098 –0.216 
 BW at end of Grower-2 Phase (kg) 0.054 –0.250 
    
 Finisher Phase (80 to 120 kg)   
 ADG during Finisher Phase (kg/d) 0.693 0.052 
 ADFI during Finisher Phase (kg/d) 0.830 0.028 
 Feed utilization in Finisher Phase 0.616 –0.066 
 Final BW (kg) 0.185 0.174 
    
 Overall growth (20 to 120 kg)   
 Initial BW (kg) 0.897 0.019 
 Final BW (kg) 0.185 0.174 
 Overall ADG (kg/d) 0.584 –0.081 
 Days to 120 kg market weight (d) 0.952 –0.009 
 Overall ADFI (kg/d) 0.280 –0.159 
 Overall feed utilization 0.800 0.038 
 Overall lean growth rate (kg/day) 0.758 0.046 
 Efficiency of lean growth 0.756 0.046 
    
 Carcass quality   
 Final pen weight (kg) 0.185 0.174 
 Carcass weight (kg) 0.427 –0.117 
 Dress percentage (%) 0.966 0.006 
 Carcass percent lean (%) 0.705 0.056 
 Backfat thickness at 10th rib (cm) 0.595 –0.079 
 Loin Eye Area (cm2) 0.590 –0.080 
 Longissimus muscle adipose tissue (%) 0.311 –0.150 
 Hunter color scores   
 L* 0.422 –0.142 
 a* 0.142 –0.257 
 b* 0.225 –0.214 
 Carcass pH 0.561 0.103 
Continued on next page 
 
  
107
Appendix 3. (Cont.) 
Corn hybrid trait Correlating P-value1 Correlation  
 performance measure coefficient (r)  
Stenvert hardness Grower-1 Phase (20 to 40 kg)   
(% soft column height) ADG in Grower-1 Phase (kg/d) 0.488 0.091 
 ADFI in Grower-1 Phase (kg/d) 0.679 0.055 
 Feed Utilization in Grower-1 Phase 0.799 –0.034 
 BW at end of Grower-1 Phase (kg) 0.188 0.172 
    
 Grower-2 Phase (40 to 80 kg)   
 ADG in Grower-2 Phase (kg/d) 0.396 0.111 
 ADFI in Grower-2 Phase (kg/d) 0.478 –0.093 
 Feed utilization in Grower-2 Phase 0.459 0.097 
 BW at end of Grower-2 Phase (kg) 0.277 0.143 
    
 Finisher Phase (80 to 120 kg)   
 ADG during Finisher Phase (kg/d) 0.365 –0.119 
 ADFI during Finisher Phase (kg/d) 0.998 0.000 
 Feed utilization in Finisher Phase 0.174 –0.178 
 Final BW (kg) 0.826 0.029 
    
 Overall growth (20 to 120 kg)   
 Initial BW (kg) 0.833 0.031 
 Final BW (kg) 0.826 0.029 
 Overall ADG (kg/d) 0.928 –0.013 
 Days to 120 kg market weight (d) 0.286 0.157 
 Overall ADFI (kg/d) 0.181 0.197 
 Overall feed utilization 0.232 –0.176 
 Overall lean growth rate (kg/day) 0.594 –0.079 
 Efficiency of lean growth 0.592 –0.079 
    
 Carcass quality   
 Final pen weight (kg) 0.826 0.029 
 Carcass weight (kg) 0.682 0.061 
 Dress percentage (%) 0.476 0.105 
 Carcass percent lean (%) 0.665 0.064 
 Backfat thickness at 10th rib (cm) 0.749 –0.047 
 Loin Eye Area (cm2) 0.787 0.040 
 Longissimus muscle adipose tissue (%) 0.529 –0.093 
 Hunter color scores   
 L* 0.522 –0.114 
 a* 0.641 0.083 
 b* 0.154 –0.250 
 Carcass pH 0.234 –0.210 
Continued on next page  
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Corn hybrid trait Correlating P-value1 Correlation  
 performance measure coefficient (r)  
Stenvert grinding Grower-1 Phase (20 to 40 kg)   
resistance (rpm) ADG in Grower-1 Phase (kg/d) 0.491 0.091 
 ADFI in Grower-1 Phase (kg/d) 0.695 0.052 
 Feed Utilization in Grower-1 Phase 0.668 0.057 
 BW at end of Grower-1 Phase (kg) 0.632 –0.063 
    
 Grower-2 Phase (40 to 80 kg)   
 ADG in Grower-2 Phase (kg/d) 0.713 –0.049 
 ADFI in Grower-2 Phase (kg/d) 0.273 0.144 
 Feed utilization in Grower-2 Phase 0.604 –0.068 
 BW at end of Grower-2 Phase (kg) 0.205 –0.166 
    
 Finisher Phase (80 to 120 kg)   
 ADG during Finisher Phase (kg/d) 0.072 0.234 
 ADFI during Finisher Phase (kg/d) 0.961 0.006 
 Feed utilization in Finisher Phase 0.098 0.215 
 Final BW (kg) 0.324 0.129 
    
 Overall growth (20 to 120 kg)   
 Initial BW (kg) 0.733 0.051 
 Final BW (kg) 0.324 0.129 
 Overall ADG (kg/d) 0.270 –0.162 
 Days to 120 kg market weight (d) 0.144 –0.214 
 Overall ADFI (kg/d) 0.571 –0.084 
 Overall feed utilization 0.378 –0.130 
 Overall lean growth rate (kg/day) 0.671 –0.063 
 Efficiency of lean growth 0.671 –0.063 
    
 Carcass quality   
 Final pen weight (kg) 0.324 0.129 
 Carcass weight (kg) 0.772 –0.043 
 Dress percentage (%) 0.572 –0.084 
 Carcass percent lean (%) 0.372 –0.132 
 Backfat thickness at 10th rib (cm) 0.339 0.141 
 Loin Eye Area (cm2) 0.625 –0.072 
 Longissimus muscle adipose tissue (%) 0.140 –0.216 
 Hunter color scores   
 L* 0.434 0.139 
 a* 0.090 –0.295 
 b* 0.202 0.225 
 Carcass pH 0.113 0.277 
Continued on next page 
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Corn hybrid trait Correlating P-value1 Correlation  
 performance measure coefficient (r)  
Stenvert time to grind (s) Grower-1 Phase (20 to 40 kg)   
 ADG in Grower-1 Phase (kg/d) 0.049 0.256 
 ADFI in Grower-1 Phase (kg/d) 0.427 0.105 
 Feed Utilization in Grower-1 Phase 0.668 0.056 
 BW at end of Grower-1 Phase (kg) 0.126 0.200 
    
 Grower-2 Phase (40 to 80 kg)   
 ADG in Grower-2 Phase (kg/d) 0.760 –0.040 
 ADFI in Grower-2 Phase (kg/d) 0.035 0.273 
 Feed utilization in Grower-2 Phase 0.215 –0.162 
 BW at end of Grower-2 Phase (kg) 0.144 –0.191 
    
 Finisher Phase (80 to 120 kg)   
 ADG during Finisher Phase (kg/d) 0.152 0.187 
 ADFI during Finisher Phase (kg/d) 0.621 0.065 
 Feed utilization in Finisher Phase 0.728 0.046 
 Final BW (kg) 0.037 0.271 
    
 Overall growth (20 to 120 kg)   
 Initial BW (kg) 0.525 –0.094 
 Final BW (kg) 0.037 0.271 
 Overall ADG (kg/d) 0.568 –0.085 
 Days to 120 kg market weight (d) 0.370 –0.132 
 Overall ADFI (kg/d) 0.512 0.097 
 Overall feed utilization 0.242 –0.172 
 Overall lean growth rate (kg/day) 0.845 0.029 
 Efficiency of lean growth 0.844 0.029 
    
 Carcass quality   
 Final pen weight (kg) 0.037 0.271 
 Carcass weight (kg) 0.544 –0.090 
 Dress percentage (%) 0.852 –0.028 
 Carcass percent lean (%) 0.978 0.004 
 Backfat thickness at 10th rib (cm) 0.962 0.007 
 Loin Eye Area (cm2) 0.532 –0.092 
 Longissimus muscle adipose tissue (%) 0.013 –0.356 
 Hunter color scores   
 L* 0.599 –0.094 
 a* 0.065 –0.320 
 b* 0.537 –0.110 
 Carcass pH 0.580 0.098 
1P-values are those for the effect of the specific kernel trait with the individual performance measure determined during 
multivariate ANOVA. 
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APPENDIX 4: CORN KERNEL CHEMICAL AND  
PHYSICAL TRAIT CORRELATIONS 
Appendix 4. Correlations between corn kernel chemical and physical traits when evaluated by multivariate 
ANOVA.  
Corn hybrid trait Correlating P-value1 Correlation  
 corn hybrid trait  coefficient (r)  
Lysine content (%) Methionine content (%) < 0.0001 0.7563 
 Amylose content in starch (%) 0.8902 0.0147 
 Amylopectin content in starch (%) 0.8902 –0.0147 
 Ratio of amylose to amylopectin in starch 0.6614 0.0465 
 Ether extract (%) 0.0010 –0.3383 
 Neutral detergent fiber (%) 0.8811 –0.0159 
 Acid detergent fiber (%) 0.0397 0.2160 
 Test weight (kg/L) < 0.0001 0.5921 
 1000 kernel weight (g) 0.0022 0.3167 
 Kernel density (g/cm3) 0.0405 –0.2152 
 Ground corn mean particle size (µm) 0.3427 –0.1006 
 Stenvert hardness (% hard endosperm) 0.6102 –0.0542 
 Stenvert hardness (% soft column height) 0.0627 0.1959 
 Stenvert grinding resistance (rpm) < 0.0001 –0.5813 
 Stenvert time to grind (s) < 0.0001 –0.4174 
 
Methionine content (%) Lysine content (%) < 0.0001 0.7563 
 Amylose content in starch (%) 0.0601 0.1979 
 Amylopectin content in starch (%) 0.0601 –0.1979 
 Ratio of amylose to amylopectin in starch 0.0716 0.1898 
 Ether extract (%) 0.2676 –0.1174 
 Neutral detergent fiber (%) 0.0635 –0.1953 
 Acid detergent fiber (%) 0.1386 –0.1565 
 Test weight (kg/L) < 0.0001 0.9494 
 1000 kernel weight (g) 0.3145 –0.1066 
 Kernel density (g/cm3) < 0.0001 0.4672 
 Ground corn mean particle size (µm) < 0.0001 0.4291 
 Stenvert hardness (% hard endosperm) 0.6352 0.0504 
 Stenvert hardness (% soft column height) < 0.0001 0.6018 
 Stenvert grinding resistance (rpm) < 0.0001 –0.4702 
 Stenvert time to grind (s) 0.8993 0.0134 
Continued on next page 
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Corn hybrid trait Correlating P-value1 Correlation  
 corn hybrid trait  coefficient (r)  
Amylose content in starch (%) Lysine content (%) 0.8902 0.0147 
 Methionine content (%) 0.0601 0.1979 
 Amylopectin content in starch (%) < 0.0001 –1.0000 
 Ratio of amylose to amylopectin in starch < 0.0001 0.9980 
 Ether extract (%) 0.0034 0.3038 
 Neutral detergent fiber (%) 0.9143 0.0114 
 Acid detergent fiber (%) < 0.0001 0.4122 
 Test weight (kg/L) 0.0534 0.2032 
 1000 kernel weight (g) < 0.0001 0.4352 
 Kernel density (g/cm3) 0.0003 0.3690 
 Ground corn mean particle size (µm) < 0.0001 0.4525 
 Stenvert hardness (% hard endosperm) < 0.0001 –0.6237 
 Stenvert hardness (% soft column height) 0.3585 0.0974 
 Stenvert grinding resistance (rpm) 0.6138 –0.0536 
 Stenvert time to grind (s) 0.0611 –0.1971 
 
Amylopectin content Lysine content (%) 0.8902 –0.0147 
in starch (%) Methionine content (%) 0.0601 –0.1979 
 Amylose content in starch (%) < 0.0001 –1.0000 
 Ratio of amylose to amylopectin in starch < 0.0001 –0.9980 
 Ether extract (%) 0.0034 –0.3038 
 Neutral detergent fiber (%) 0.9143 –0.0114 
 Acid detergent fiber (%) < 0.0001 –0.4122 
 Test weight (kg/L) 0.0534 –0.2032 
 1000 kernel weight (g) < 0.0001 –0.4352 
 Kernel density (g/cm3) 0.0003 –0.3690 
 Ground corn mean particle size (µm) < 0.0001 –0.4525 
 Stenvert hardness (% hard endosperm) < 0.0001 0.6237 
 Stenvert hardness (% soft column height) 0.3585 –0.0974 
 Stenvert grinding resistance (rpm) 0.6138 0.0536 
 Stenvert time to grind (s) 0.0611 0.1971 
 
Ratio of amylose to Lysine content (%) 0.6614 0.0465 
amylopectin in starch Methionine content (%) 0.0716 0.1898 
 Amylose content in starch (%) < 0.0001 0.9980 
 Amylopectin content in starch (%) < 0.0001 –0.9980 
 Ether extract (%) 0.0036 0.3021 
 Neutral detergent fiber (%) 0.6917 0.0421 
 Acid detergent fiber (%) < 0.0001 0.4537 
 Test weight (kg/L) 0.0786 0.1854 
 1000 kernel weight (g) < 0.0001 0.4695 
 Kernel density (g/cm3) 0.0025 0.3138 
 Ground corn mean particle size (µm) < 0.0001 0.4248 
 Stenvert hardness (% hard endosperm) < 0.0001 –0.6411 
 Stenvert hardness (% soft column height) 0.4479 0.0805 
 Stenvert grinding resistance (rpm) 0.4219 –0.0852 
 Stenvert time to grind (s) 0.0191 –0.2453 
Continued on next page 
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Corn hybrid trait Correlating P-value1 Correlation  
 corn hybrid trait  coefficient (r)  
Ether extract (%) Lysine content (%) 0.0010 –0.3383 
 Methionine content (%) 0.2676 –0.1174 
 Amylose content in starch (%) 0.0034 0.3038 
 Amylopectin content in starch (%) 0.0034 –0.3038 
 Ratio of amylose to amylopectin in starch 0.0036 0.3021 
 Neutral detergent fiber (%) < 0.0001 0.6598 
 Acid detergent fiber (%) 0.3712 0.0948 
 Test weight (kg/L) 0.7830 0.0293 
 1000 kernel weight (g) < 0.0001 –0.4770 
 Kernel density (g/cm3) 0.0442 0.2114 
 Ground corn mean particle size (µm) < 0.0001 0.7143 
 Stenvert hardness (% hard endosperm) 0.3060 –0.1085 
 Stenvert hardness (% soft column height) < 0.0001 0.6127 
 Stenvert grinding resistance (rpm) < 0.0001 –0.4978 
 Stenvert time to grind (s) 0.5327 –0.0662 
 
Neutral detergent fiber (%) Lysine content (%) 0.8811 –0.0159 
 Methionine content (%) 0.0635 –0.1953 
 Amylose content in starch (%) 0.9143 0.0114 
 Amylopectin content in starch (%) 0.9143 –0.0114 
 Ratio of amylose to amylopectin in starch 0.6917 0.0421 
 Ether extract (%) < 0.0001 0.6598 
 Acid detergent fiber (%) < 0.0001 0.6125 
 Test weight (kg/L) 0.0086 –0.2740 
 1000 kernel weight (g) 0.2099 –0.1327 
 Kernel density (g/cm3) 0.0002 –0.3779 
 Ground corn mean particle size (µm) 0.0006 0.3533 
 Stenvert hardness (% hard endosperm) < 0.0001 –0.4417 
 Stenvert hardness (% soft column height) 0.0311 0.2262 
 Stenvert grinding resistance (rpm) < 0.0001 –0.5350 
 Stenvert time to grind (s) < 0.0001 –0.6940 
 
Acid detergent fiber (%) Lysine content (%) 0.0397 0.2160 
 Methionine content (%) 0.1386 –0.1565 
 Amylose content in starch (%) < 0.0001 0.4122 
 Amylopectin content in starch (%) < 0.0001 –0.4122 
 Ratio of amylose to amylopectin in starch < 0.0001 0.4537 
 Ether extract (%) 0.3712 0.0948 
 Neutral detergent fiber (%) < 0.0001 0.6125 
 Test weight (kg/L) 0.0001 –0.3887 
 1000 kernel weight (g) < 0.0001 0.6756 
 Kernel density (g/cm3) < 0.0001 –0.5157 
 Ground corn mean particle size (µm) 0.6590 –0.0469 
 Stenvert hardness (% hard endosperm) < 0.0001 –0.8990 
 Stenvert hardness (% soft column height) 0.0002 –0.3796 
 Stenvert grinding resistance (rpm) 0.2104 –0.1325 
 Stenvert time to grind (s) < 0.0001 –0.9477 
Continued on next page 
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Corn hybrid trait Correlating P-value1 Correlation  
 corn hybrid trait  coefficient (r)  
Test weight (kg/L) Lysine content (%) < 0.0001 0.5921 
 Methionine content (%) < 0.0001 0.9494 
 Amylose content in starch (%) 0.0534 0.2032 
 Amylopectin content in starch (%) 0.0534 –0.2032 
 Ratio of amylose to amylopectin in starch 0.0786 0.1854 
 Ether extract (%) 0.7830 0.0293 
 Neutral detergent fiber (%) 0.0086 –0.2740 
 Acid detergent fiber (%) 0.0001 –0.3887 
 1000 kernel weight (g) 0.0035 –0.3031 
 Kernel density (g/cm3) < 0.0001 0.6146 
 Ground corn mean particle size (µm) < 0.0001 0.5205 
 Stenvert hardness (% hard endosperm) 0.0135 0.2581 
 Stenvert hardness (% soft column height) < 0.0001 0.7518 
 Stenvert grinding resistance (rpm) < 0.0001 –0.4877 
 Stenvert time to grind (s) 0.0104 0.2675 
 
1000 kernel weight (g) Lysine content (%) 0.0022 0.3167 
 Methionine content (%) 0.3145 –0.1066 
 Amylose content in starch (%) < 0.0001 0.4352 
 Amylopectin content in starch (%) < 0.0001 –0.4352 
 Ratio of amylose to amylopectin in starch < 0.0001 0.4695 
 Ether extract (%) < 0.0001 –0.4770 
 Neutral detergent fiber (%) 0.2099 –0.1327 
 Acid detergent fiber (%) < 0.0001 0.6756 
 Test weight (kg/L) 0.0035 –0.3031 
 Kernel density (g/cm3) < 0.0001 –0.4718 
 Ground corn mean particle size (µm) < 0.0001 –0.5255 
 Stenvert hardness (% hard endosperm) < 0.0001 –0.6072 
 Stenvert hardness (% soft column height) < 0.0001 –0.7134 
 Stenvert grinding resistance (rpm) 0.0303 0.2273 
 Stenvert time to grind (s) < 0.0001 –0.5555 
 
Kernel density (g/cm3) Lysine content (%) 0.0405 –0.2152 
 Methionine content (%) < 0.0001 0.4672 
 Amylose content in starch (%) 0.0003 0.3690 
 Amylopectin content in starch (%) 0.0003 –0.3690 
 Ratio of amylose to amylopectin in starch 0.0025 0.3138 
 Ether extract (%) 0.0442 0.2114 
 Neutral detergent fiber (%) 0.0002 –0.3779 
 Acid detergent fiber (%) < 0.0001 –0.5157 
 Test weight (kg/L) < 0.0001 0.6146 
 1000 kernel weight (g) < 0.0001 –0.4718 
 Ground corn mean particle size (µm) < 0.0001 0.7176 
 Stenvert hardness (% hard endosperm) 0.2534 0.1210 
 Stenvert hardness (% soft column height) < 0.0001 0.5570 
 Stenvert grinding resistance (rpm) 0.1550 0.1503 
 Stenvert time to grind (s) < 0.0001 0.6089 
Continued on next page 
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Corn hybrid trait Correlating P-value1 Correlation  
 corn hybrid trait  coefficient (r)  
Ground corn mean Lysine content (%) 0.3427 –0.1006 
particle size (µm) Methionine content (%) < 0.0001 0.4291 
 Amylose content in starch (%) < 0.0001 0.4525 
 Amylopectin content in starch (%) < 0.0001 –0.4525 
 Ratio of amylose to amylopectin in starch < 0.0001 0.4248 
 Ether extract (%) < 0.0001 0.7143 
 Neutral detergent fiber (%) 0.0006 0.3533 
 Acid detergent fiber (%) 0.6590 –0.0469 
 Test weight (kg/L) < 0.0001 0.5205 
 1000 kernel weight (g) < 0.0001 –0.5255 
 Kernel density (g/cm3) < 0.0001 0.7176 
 Stenvert hardness (% hard endosperm) 0.0576 –0.1998 
 Stenvert hardness (% soft column height) < 0.0001 0.7964 
 Stenvert grinding resistance (rpm) 0.0003 –0.3695 
 Stenvert time to grind (s) 0.5297 0.0667 
 
Stenvert hardness Lysine content (%) 0.6102 –0.0542 
(% hard endosperm) Methionine content (%) 0.6352 0.0504 
 Amylose content in starch (%) < 0.0001 –0.6237 
 Amylopectin content in starch (%) < 0.0001 0.6237 
 Ratio of amylose to amylopectin in starch < 0.0001 –0.6411 
 Ether extract (%) 0.3060 –0.1085 
 Neutral detergent fiber (%) < 0.0001 –0.4417 
 Acid detergent fiber (%) < 0.0001 –0.8990 
 Test weight (kg/L) 0.0135 0.2581 
 1000 kernel weight (g) < 0.0001 –0.6072 
 Kernel density (g/cm3) 0.2534 0.1210 
 Ground corn mean particle size (µm) 0.0576 –0.1998 
 Stenvert hardness (% soft column height) 0.0024 0.3141 
 Stenvert grinding resistance (rpm) 0.3729 –0.0945 
 Stenvert time to grind (s) < 0.0001 0.7638 
 
Stenvert hardness Lysine content (%) 0.0627 0.1959 
(% soft column height) Methionine content (%) < 0.0001 0.6018 
 Amylose content in starch (%) 0.3585 0.0974 
 Amylopectin content in starch (%) 0.3585 –0.0974 
 Ratio of amylose to amylopectin in starch 0.4479 0.0805 
 Ether extract (%) < 0.0001 0.6127 
 Neutral detergent fiber (%) 0.0311 0.2262 
 Acid detergent fiber (%) 0.0002 –0.3796 
 Test weight (kg/L) < 0.0001 0.7518 
 1000 kernel weight (g) < 0.0001 –0.7134 
 Kernel density (g/cm3) < 0.0001 0.5570 
 Ground corn mean particle size (µm) < 0.0001 0.7964 
 Stenvert hardness (% hard endosperm) 0.0024 0.3141 
 Stenvert grinding resistance (rpm) < 0.0001 –0.6972 
 Stenvert time to grind (s) 0.0164 0.2510 
Continued on next page 
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Appendix 4. (Cont.) 
Corn hybrid trait Correlating P-value1 Correlation  
 corn hybrid trait  coefficient (r)  
Stenvert grinding Lysine content (%) < 0.0001 –0.5813 
resistance (rpm) Methionine content (%) < 0.0001 –0.4702 
 Amylose content in starch (%) 0.6138 –0.0536 
 Amylopectin content in starch (%) 0.6138 0.0536 
 Ratio of amylose to amylopectin in starch 0.4219 –0.0852 
 Ether extract (%) < 0.0001 –0.4978 
 Neutral detergent fiber (%) < 0.0001 –0.5350 
 Acid detergent fiber (%) 0.2104 –0.1325 
 Test weight (kg/L) < 0.0001 –0.4877 
 1000 kernel weight (g) 0.0303 0.2273 
 Kernel density (g/cm3) 0.1550 0.1503 
 Ground corn mean particle size (µm) 0.0003 –0.3695 
 Stenvert hardness (% hard endosperm) 0.3729 –0.0945 
 Stenvert hardness (% soft column height) < 0.0001 –0.6972 
 Stenvert time to grind (s) 0.0013 0.3327 
 
Stenvert time to grind (s) Lysine content (%) < 0.0001 –0.4174 
 Methionine content (%) 0.8993 0.0134 
 Amylose content in starch (%) 0.0611 –0.1971 
 Amylopectin content in starch (%) 0.0611 0.1971 
 Ratio of amylose to amylopectin in starch 0.0191 –0.2453 
 Ether extract (%) 0.5327 –0.0662 
 Neutral detergent fiber (%) < 0.0001 –0.6940 
 Acid detergent fiber (%) < 0.0001 –0.9477 
 Test weight (kg/L) 0.0104 0.2675 
 1000 kernel weight (g) < 0.0001 –0.5555 
 Kernel density (g/cm3) < 0.0001 0.6089 
 Ground corn mean particle size (µm) 0.5297 0.0667 
 Stenvert hardness (% hard endosperm) < 0.0001 0.7638 
 Stenvert hardness (% soft column height) 0.0164 0.2510 
 Stenvert grinding resistance (rpm) 0.0013 0.3327 
1P-values are those for the effect of the specific kernel trait with the individual performance measure determined during 
multivariate ANOVA. 
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